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This invention was made in part with government support 
„„.er cran^ nu..er 3,S.O awarded .V national Institutes 

5 of Health. The government has certain rights in 
invention . 

1. TMTwnnncTlOll 
The present invention relates to nucleotide sequences of 
i» TCL-1 genes and amino acid sequences of their encoded 

teins as well as derivatives and analogs thereof and 

thereto. ^he present invention relates to the use 

Of nucleotide sequences of TC.-l genes -"////^^^^^^^^ 
. „f their encoded proteins, as well as derivatives 
.S rrnirog rr^of and antibodies thereto, as diagnostic and 
15 ana anax y detection and treatment of 

"^""^iratirfs o i t a With Chromosomal ahnormalities. The 
:::::: rertioralso relates to -rapeutlc compositions 
• • „ Trt-l nroteins, derivatives or analogs thereot , 
comprising TCL-1 proT:ein=., Trt-l oroteins. 

20 antibodies thereto, nucleic acids encoding the TCL pro 
20 antiDoai« rcL-l antisense nucleic acid, 

derivatives or analogs, and TCL 1 am:is 

2. i.^rirr,ROOND '^T^'^ TKVENTION 

There is a close association between particular 
There is , . ^ . ^ . _ chromosomal translocations, 

25 Chromosomal abnormalities, -^''^^^ malignancy 
inversions, and deletions, and certain type ^^^^ 
indicating that such abnormalities may ^^^^J^^^^ 
in the cancer process. Chromosomal -^-^^^''^^^l^^ is 
. o-ion resulting in chimeric oncoproteins, such as is 
gene fusion ^,,,,3 involving the myeloid 

" '::^r:^^ abnormalities may lead to 

regrxa^ion of protooncogenes ^ir ^h as 

regulatory element active in the ^-^^°^°^^"^^%^^^\^p,,ey^ic 
is observed in the translocation occurring in the lymp y 

35 lineage (Virgilxo et al . , 1993, i^ro 

20:9275-9279) . 
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Non random chromosomal translocations are characteristic 
of most human hematopoietic malignancies (Haluska et ai . , 
1987, Ann. Rev. GPnPt- 21:321-345) and may be involved in some 
solid tumors (Croce, 1987, £ell 19:155-156). m B and T 
5 cells, chromosomal translocations and inversions often occur 
as a consequence of mistakes during the normal process of 
recombination of the genes for immunoglobulins (Ig) or T-cell 
receptors (TCR) . These rearrangements juxtapose enhancer 
elements of the Ig or TCR genes to oncogenes whose expression 
10 IS then deregulated (Croce, 1987, 49:155-156). m the 

majority of the cases, the rearrangements observed in lymphoid 
malignancies occur between two different chromosomes. 

The TCL'l locus on chromosome 14 band q32.1 is frequently 
involved in the chromosomal translocations and inversions with 
15 the T-cell receptor genes observed in several post-thymic 
types of T-cell leukemias and lymphomas, including T- 
prolymphocytic leukemias (T-PLL) (Brito-Babapulle and 
Catovsky, 1991, cancer Gen^f cvtn^.n^^ 55:1-9), acute and 
chronic leukemias associated with the immunodeficiency 
2 0 syndrome ataxia-telangiectasia (AT) (Russo et ai . , 1988, Cell 
53: 137-144; Russo et ai . , 1989, Proc. u.i-^ . ac^H . f,ni nc^ 
86:602-606), and adult T-cell leukemia (Virgilio et ai . , 1993, 
Proc. Natl. Ac ad. Sci . iTga 9£: 9275-9279 ) . 

Rearrangements of the TCL-1 locus at chromosome I4q32.l 
2 5 are unique, in that the other locus involved in these 
rearrangements, namely the TCR a/S locus, is also on 
chromosome 14 at subband qll (Croce et ai . , 1985, science 
227:1044-1047; Isobe et ai . , 1988, Proc. N^tl, An^ci . c,^i nc. 
85:3933-3937). For this reason, the rearrangements observed 
30 cytogenetically are either chromosomal inversions, inv(l4) 
(qll;q32), involving only one of the chromosomes 14 or 
translocations involving both chromosomes 14 such as the 
t(14;14) (qll;q32), or more rarely, thet(7:l4) (q35;q32) 
involving the TCR P locus at 7q35 (Isobe et ai . , 1988, Proc. 
3* Nat;^. Acad. Sci. USA 85: 3933-3937). Several of the 

breakpoints at 14q32.l involved in these translocations have 
been cloned and characterized (Russo et ai . , 1988, cell 
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53-137-144; Baer et al . , 1987, Prnr ■ Natl. Acad. Sc^ 
;;;9069-9073; Mengle-Gaw et al . , 1987, EJ1SQ_J. 6:2273-2280; 
Bertness et al . , 1990, riTirrr GPnet . Cytogenet. 44:47-54). 

The TCL-1 locus, a chromosonial region of approximately 
5 350 kb as determined by placement of translocation breakpoints 
on the long range genomic map, has recently been cloned 
(Virgilio et al., 1993, Pror Natl . Acad, scj. USA 90:9275- 
9279) The involvement of such a large region m 
translocation events suggests that activation of the putative 
XO rCL-1 gene may occur from a distance of many kilobases, as 
previously observed for the BCL-l/CCNDl gene in mantle cell 
lymphoma (Tsu^-to et al . , 1984, S^i^ 224:1403-1406; 
K^nberg et al . . 1991, Tmr M.t. A..d ■ Sci. ^^A M: 6 S- 
9642; Withers et al . , 1991, MoT rM 1 ■ Bio^ . 11:4846-4853 
15 Motokura and Arnold, 1993, rnno^ r ^rom. . Cance. , 7:89-95) and 
the MYC oncogene in Burkitt lymphoma (Dalla-Favera et al . , 
1982 — ---^ ^--^ 79:7824-7827; Nishikura et 

31 'l983, — Acad. Sci. U SA 80:4822-4826) and xn 

acute T-cell leukemia (Erikson et al . . 1986, Science 232:884- 

" ^^^^ 'There remains an unfulfilled need to isolate and . 
Characterize the TCL-1 gene associated with chromosomal . 
abnormalities, e.g., chromosomal translocations, inversions 
and deletions, for use as a diagnostic and therapeutic/ 

25 prophylactic reagent in the detection, treatment, and 
prevention of diseases, such as T-cell leukemias and 
lymphomas, associated with such chromosomal abnormalities 

Citation Of references hereinabove shall not be construed 
as an admission that such references are prior art to the 
3 0 present invention. 

3. anyi ^lVRY Q V THE INVEKTIOM 
The present invention relates to nucleotide 
TCL-1 genes, and anino acid sequences of their encoded TCL-1 
35 proteins, as well as derivatives and analogs thereof , and 

antibodies thereto. The present invention further relates to 
nucleic acids hybridizable to or coBplementary to the 

- 3 - 
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foregoing nucleotide sequences as well as equivalent nucleic 
acid sequences encoding a TCL-l protein. 

The present invention also relates to expression vectors 
encoding a TCL-l protein, derivative or analog thereof, as 
5 well as host cells containing the expression vectors encoding 
the TCL-l protein, derivative or analog thereof. As used 
herein, »TCL-1'^ shall be used with reference to the TCL-l 
gene, whereas "TCL-l" shall be used with reference to the 
protein product of the TCL-l gene. 
10 The present invention further relates to the use of 

nucleotide sequences of TCL-l genes and amino acid sequences 
of their encoded TCL-l proteins as diagnostic reagents or in 
the preparation of diagnostic agents useful in the detection 
of disease states, such as T-cell leukemias, associated with 
15 chromosomal abnormalities, in particular at I4q32.l, and/or 
increased levels of expression of the TCL-l protein. The 
invention further relates to the use of nucleotide sequences 
of TCL-l genes and amino acid sequences of their encoded TCL-l 
proteins as therapeutic/prophylactic agents in the 
20 treatment/prevention of disease states, such as T-cell 
leukemias, associated with chromosomal abnormalities, in 
particular at 14q32.l, and/or increased levels of expression 
of the TCL-l protein. 

The present invention provides a novel TCL-l gene 
25 sequence that is preferentially expressed early in T and B 
lymphocyte differentiation pathways. The TCL-l gene resides 
in a region of approximately 160 kb between two clusters of 
breakpoints on the TCL-l locus, clusters of inversions on the 
centromeric side and clusters of simple balanced 
30 translocations on the telomeric side. 

As described herein, the TCL-l gene codes for a 1.3 kb 
transcript that is expressed only in restricted subsets of 
cells within the lymphoid lineage and expressed at high levels 
in leukemic cells carrying a t ( 14 : 14 ) (qll ;q32 ) chromosome 
35 translocation or a inv{l4) (qli;q32) chromosome inversion. 

The TCL-l gene and protein sequences disclosed herein, 
and antibodies thereto, may be used in assays to diagnose T- 
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cell leukemias and lymphomas associated with chromosomal 
abnormalities, and/or increased expression of TCL-1 protexn, 
such as T-prolymphocytic leukemias (T-PLL) , acute and chron.c 
leukemias associated with ataxia-telangiectasia (AT) , and 
5 adult T-cell leukemia, by detecting or measuring TCL-1 mRNA xn 
or from a patient sample or by detecting or measuring levels 
of TCL-1 protein from a patient sample. For example, a TCL-1 
sequence may be used in a Northern blot hybridization assay of 
RNA from biopsied or autopsied cells or tissues to dxagnose 

10 disease. ^ 
The TCL-1 protein, or derivatives or analogs thereof. 

disclosed herein, may be used for the production of -^-^^'-^ 
antibodies which antibodies may be useful diagnostically in 
Immunoassays for the detection or measurement °^ — /^f//" 
,S in a patient sample. .nti-TCL-1 antibodies may "-^-^"^ 
example, for the diagnostic detection cr measurement of TCL 
protein in biopsied cells and tissues. 

Also disclosed herein are methods of treatment of 
diseases or conditions associated with chromosomal ^■ 
„ abnormalities and/or increased expression of TCL-I proteins. 
Abnormalities of chromosome 14, such as . 
translocations, particularly at 14g32.1, are assocxated with 
T-cell leukemias and lymphomas. TCL-1 gene sequences and 
their protein products may be used therapeutically in the 
„ treatment of disease states associated with chromosome 14 
abnormalities. Anti-TCL-1 antibodies may be used 
therapeutically, for example, in neutralizing the activity 
an overexpressed TCL-1 protein associated with <1^""^;^ 

Oligonucleotide sequences, including antisense RKA and 
30 DNA molecules and ribozymes, designed to inhibit the 
transcription or translation of TCL-1 mRNA, may be used 
tierapeutically in the treatment of disease states assocxated 
with increased expression of TCL-I. 

proteins, peptides and or.an.c molecules °^ 
3, modulating activity of TCL-1 may be used ^-"P^^^^^^^^ 
the treatment of disease states associated with aberrant 

expression of TCL-1 - 
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The present invention also relates to therapeutic 
compositions comprising TCL-1 proteins, derivatives or analogs 
thereof, antibodies thereto, nucleic acids encoding the TCL-1 
proteins, derivatives or analogs, and TCL-1 antisense nucleic 
5 acid. 

The present invention also relates to methods of 
production of the TCL-1 proteins, derivatives and analogs, 
such as, for example, by recombinant means. 

In particular embodiments of the invention described by 
10 way of Examples 6 and 7 herein, a human TCL-1 sequence is 
disclosed and shown to be specifically over-expressed in 
various T-cell malignancies. 

4 . DESCRIPTION OF THE FIGURES 

15 FIGURES lA AND IB: Genomic and cDNA organization of the 

gene lA. Genomic organization of the TCL-1 locus on 
chromosome 14q32,l. Vertical bars refers to cloned 
breakpoints in the literature (see Virgilio et al . , 1993, 
Proc, Natl, Acad. Sci. USA 90:9275-9279). Restriction sites 

20 are given for BssH II (B) , Cla I (C) , Eag I (E) , Sfi (F) , Ksp 
I (K) , Mlu I (M) , Not I (N) , Nru I (R) , Ecor I (Rl) , Sal I(S), 
Hind III (H) and BamH I (HI). Pi clones 7-4 and 20-21, 
covering the 140 kb region between the two clusters of cloned 
breakpoints, are shown by horizontal bars. Filled boxes 

25 represent probes used for RNA screening. Enlarged is shown a 
Sall-Hindlll genomic fragment with the organization of the 
four exons of the TCL-1 gene. IB. TCL-1 cDNA structure, open 
box represents 5' untranslated region, filled box represent 
encoding sequence and the 3' untranslated region (UTR) is 

30 shown in diagonal stripes. 

FIGURE 2: Northern blot hybridization with probe 20-7HE. 
In each lane were loaded il mg of total RNA from the cell 
lines: Hela, lane 1; lane 2, Daudi; lane 3, K562; and lane 4> 
35 A11380. 
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FIGURES 3A AND 3B: cDNA sequence and 5' genomic sequence 
of TCL^l 3A. CDNA sequence (SEQ ID NO: 1) and encoded amxno 
acid sequence (SEQ ID NO: 2) of TCL-1. The initiation codon 
ATG is shown in bold, the polyadenylation signal is 

tcv^rs TH NO* 3^ 5' tO the 

5 underlined. «. Genomic sequence (SEQ ID HO. 3) 5 

cDHA in boxes are shown SPl binding sites, in bold the TATA 

^ „.i ir, Italics nucleotide numbers 

box and the start codon, and in italics, 

497-560, the CDNA sequences (exon 1). 

FIGURE 4: Pro^aryotic expression of the TCl-i gene 
product. sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) of bacterial lysates with pQEtcl 1, 
lane 1, uninduced; lane 2, induced, and lane 3, purified. 

FIGURES 5A-5C: Expression of TCL-I in different T-cells. 
5». Northern blot hybridization of stimulated and non 
stimulated peripheral blood lymphocytes ,PEI,, -^"^^^^^^^ 
probe, pe97, 11 mg RNA were loaded per lane. 
Lot of RNA from T-cell lines: lane 1, CE«; lane ^ • 

.A c.,„Ti • lane 5 SupTll ; lane 6, JurKat. 
20 lane 3, HUT78; lane 4, SupTl, lane S P ^^^.^ 

SC. RT-PCR with TCL-1 primers, p9A and RevIII, an 
Tplciflc primers, Actinl and Actin.. ^l.^l ne 

HUT78 cells; lane 3, Holt4 cells; lane 4, ^"P" /t"^'^^^ 
5, SupTll cells; lane 6, PBI.; lane 7, PHA activated PEL, 
25 lane 8, fetal thymus. 

FIGURE 6= Expression of TCI,-1 in two patients with T- 
PLL L.A isolated from patient leuKemias, approximately S ng, 
lere ured for cDNA synthesis, followed by "^^^^^^ 

3. primers, Daudl ^n^^^ ^^patirt ^.-Td^ar 

/ 2, SupTll; lane 3, patient 312, lane 4, pa 

5 , jurkat . 

TCL-i in isolated subpopulation 
FIGURE 7: Expression of TCL 1 in is ^n^. 

„ Of bone marrow S-cells by RT-PCR. .ane 1, 

lane 2. CD34.CD19- cells; lane 3, CD191om- cells, lane 4, 
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CDl9hiH,- cells; lane 5, CDl9^i„low cells, and lane 6, CD19+mhi 
cells . 

FIGURE 8: Shared sequence homology between TCL-l protein 
5 (SEQ ID NO: 8) and Mature T-Cell Proliferative l (MTCPl) 
protein (SEQ ID NO: 4). 

FIGURES 9A-9D: TCL-l Genomic DNA sequence (SEQ ID NO- 5) 
between the Sail and Hindlll restriction endonucleas sites 
10 (the Hindlll Site is not illustrated) . Nucleotide numbers 
422-426 represent the TATA box, nucleotide numbers 462-627 
represent EXON I, nucleotide numbers 628-2203 represent INTRON 
I, nucleotide numbers 2204-2380 represent EXON II, nucleotide 
numbers 2381-2799 represent INTRON II, nucleotide numbers 
15 2800-2853 represent EXON III, nucleotide numbers 2854-3726 
represent INTRON III, and nucleotide numbers 3727-4643 
represent EXON IV and 3'UT. m this genomic sequence, A 
represents adenine; c represents cytosine; G represents 
guanine; T represents thymine; u represents uracil; M 
20 represents adenine or cytosine; R represents adenine or 

guanine; W represents adenine or thymine/uracil; S represents 
cytosine or guanine; y represents cytosine or thymine/uracil; 
K represents guanine or thymine/uracil; V represents adenine 
or cytosine or guanine, not thymine/uracil; H represents 
25 adenine or cytosine or thymine/uracil, not guanine; D 

represents adenine or guanine or thymine/uracil, not cytosine; 
B represents cytosine or guanine or thymine/uracil, not 
adenine; N represents (adenine or cytosine or guanine or 
thymine/uracil) or (unknown or other). 



30 



FIGURE .10: in vitro translation of TCL-l protein. Lane 

1 represents the internal positive control of the kit for the 
Luciferase gene according to the manufacturer (Promega) . Lane 

2 represents the in vitro translated pAli.5 linearized plasmid 
3 5 containing the TCL-l gene. 
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FIGURE 11: Genomic organization of TCL-2 gene. The 
boxes represent exons. Restriction enzymes are indicated as: 
S=SalI, Ea=EagI. X=XhoI , H=HindIII. In the lower part are 
represented sequence boundaries at 3 • and 5 • splicing signals 
5 (lowercase) . 

The present* invention relates to nucleotide sequences of 
TCL-1 genes and amino acid sequences of their encoded TCL-1 
10 proteins, as well as derivatives and analogs thereof, and 

antibodies thereto. tcl-1 

The present invention further relates to the use of TCL 
genes and their encoded proteins or derivatives or analogs 
thereof, and antibodies thereto, in assays for the detection 

IS ZZ ;reatment/prevention of disease states associate w.th 
Chromosomal abnormalities and/or increased expressxon of TCL 
I The present invention also relates to therapeutic 
compositions comprising TC.-l proteins, derivatives --/^ 
thereof, antibodies thereto, nucleic acids ^^^l^^^sTnlT^il 

20 proteins, derivatives or analogs, and TCL-1 ant.sense nuclexc 

The TCL-1 gene sequence can be from one of many different 
ng but not limited to, mammalian, bovine, 
equine, rodent and human, in naturally 



acid 



species, including but not limited to. .a^alian, bovine, 
ovine, porcine, equine, rodent and human, in naturally 
„ oocurring-sequence or variant .or. or «ro. any source 



Whether natural, synthetic, or recombinant. In a specific 
embodiment described herein, the TCL-l gene sequence is a 

The TCL-1 protein can be that present in one 
human sequence. The it-i, i vi , to 

of many different species, including but not limited to, 
3. : JaUan, bovine, ovine, porcine, equine, 

in naturally occurring or variant form, or from -V -urce. 
Whether natural, synthetic, or recombinant J-^^^ 
embodiment described herein, the TCL-1 protein is a human 

3. defined herein, a TCL-1 derivative may be ^ -agrnen^ 

or amino acid variant of the TCL-1 sequence shown 
as long as the fragment or amino acid variant is capable of 
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displaying one or more biological activities associated with a 
full-length TCL-l protein. Such biological activities include 
but are not limited to antigenicity, i.e., the ability to bind 
to an anti-TCL-1 antibody, and immunogenic ity, i.e., the 
5 ability to generate an antibody which is capable of binding a 
TCL-l protein. The invention provides fragments of a TCL-i 
protein consisting of at least lo amino acids, or of at least 
25 amino acids, or of at least 50 amino acids, or of at least 
114 amino acids. Nucleic acids encoding such derivatives or 

10 analogs are also within the scope of the invention. A 

preferred TCL-l protein variant is one sharing at least 70% 
amino acid sequence homology, a particularly preferred TCL-l 
protein variant is one sharing at least 80% amino acid 
sequence homology and another particularly preferred TCL-l 

IS protein variant is one sharing at least 90% amino' acid 

sequence homology to the naturally occurring TCL-l protein 
over at least 25, at least 50, at least 75 or at least 100 
contiguous amino acids of the TCL-l amino acid sequence. As 
used herein, amino acid sequence homology refers to amino acid 

2 0 sequences having identical amino acid residues or amino acid 
sequences containing conservative changes in amino acid 
residues. In another embodiment, a TCL-l homologous protein 
is one that shares the foregoing percentages of sequences 
indentical with the naturally occurring TCL-l protein over the 

25 recited lengths of amino acids. 

TCL-l is a gene located in the region of chromosome 
I4q32.l that is located in a region banded by two clusters of 
breakpoints. As is shown infra in Section 7, TCL-l is 
preferentially expressed early in both the T and B lymphocyte 

30 differentiation pathways. As demonstrated infra in Section 7, 
high expression levels of TCL-l are shown to occur in 
independent cases of T-PLL carrying an inversion of chromosome 
14. Accordingly, the detection of TCL-l mRNA in patient 
samples such as biopsied cells and tissues can be used as an 

35 indicator of the presence of T-cell leukemias and lymphomas 
associated with certain chromosome 14 abnormalities and/or 
increased expression of TCL-l protein. Also, the TCL-l amino 
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acid sequences of the present invention can be used to 
generate antibodies useful in immunoassays for the detection 
or measurement of TCL-1 in patient samples. Such anti-TCL-1 
antibodies can be used in diagnostic immunoassays, for the 
5 detection or measurement of increased levels of TCL-1 
associated with T-cell leukemias and lymphomas. 

The present invention is illustrated infra, in part, by 
way of examples disclosing the cloning and sequencing of human 
TCL-1 and its increased expression in various T-cell 
10 malignancies. 

5.1. The TCI>-7 Coding Sequ ences 

TCL-1 cDNA, genomic sequences and sequences complementary 
thereto are provided by the present invention. In a specific 
15 embodiment herein, a TCL-1 cDNA sequence is provided, thus 
lacking any introns. Also included within the scope of the 
present invention are polynucleotide sequences of TCL-1 cDNA 
consisting of at least 8 nucleotides, at least 15 nucleotides, 
at least 25 nucleotides, at least 50 nucleotides, at least 100 
20 nucleotides, at least 200 nucleotides, at least 387 

nucleotides, or at least 1324 nucleotides. In a specific 
embodiment herein, a TCL-1 genomic sequence is provided, thus 
containing introns. Also included within the scope of the 
present invention are polynucleotides of TCL-1 genomic DNA 
25 consisting of not more than 5 kilobases, of not more than 10 
kilobases, not more than 25 kilobases, not more than 50 
kilobases, or not more than 70 kilobases. 

The full length cDNA sequence for human TCL-1 is depicted 
in Figure 3A (SEQ ID NO: 1). Figure 3B (SEQ ID NO: 3) depicts 
30 a 5' genomic (noncoding) sequence of a human TCL-1 gene from 
nucleotide numbers 1 - 496. Figures 9A-9D (SEQ ID NO: 5) 
depicts the entire genomic sequence of the TCL-1 gene, 
sequence analysis of the TCL-1 cDNA of Figure 3A reveals an 
open reading frame of 342 nucleotides with a starting ATG 
35 codon at position 46, located within a Kozak consensus 

sequence, and with a stop codon at position 388, potentially 
encoding a protein of 114 amino acids with a predicted 

- 11 - 
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molecular weight of 13.5 kDa. This sequence when subcloned in 
a procaryotic expression vector encodes a l4kDa protein, that 
contains a casein kinase II phosphorylation site 
(MAECPTLGEAVTDH) (a portion of SEQ ID NO: 2) starting at amino 
5 acid position 6. As disclosed infra, see Section 6.2.3, a 
rabbit polyclonal anti-TCL-l antibody has been generated that 
is able to imnunoprecipitate naturally occurring TCL-l protein 
from lymphoid and leukemia cells expressing TCL-l mRNA 
confirming that the open reading frame starting with the ATG 
10 at position 46 is able to translate naturally occurring TCL-l 
protein. 

In accordance with the present invention, any 
polynucleotide sequence which encodes the amino acid sequence 
of a TCL-l gene product can be used to generate recombinant 
15 molecules which direct the expression of TCL-l. Included 
within the scope of the present invention are polynucleotide 
sequences of TCL-l consisting of at least 8 nucleotides that 
are useful as probes or primers (i.e., a hybridizable portion) 
in the detection of TCL-l. m a particular embodiment of the 
20 present invention, TCL-l primers p9A- TGCTGCCAGATGACTGATGT 
(SEQ ID NO: 6) and Rev III CAAATGGAATCCTCCTTGGC (SEQ ID NO: 7) 
were used to amplify TCL-l nucleic acid from bone marrow B- 
cells, T-cells lines, peripheral blood lymphocytes (PBL) , PHA 
stimulated PBL and thymus cells. In another embodiment of the 
25 present invention, amplification of DNA from patients with T- 
PLL was carried out with primers Daudi unil- 
AGGCCTATGACCCCCACC (SEQ ID NO: 8) and Daudi rev2- 
CATTCCTCCCAGACCCCA (SEQ ID NO: 9). All primers disclosed 
herein are listed in 5 • to 3 • orientation. 
^° ^" ^ specific embodiment disclosed herein, the invention 

relates to the nucleic acid sequence of the human TCL-l gene. 
In a preferred, but not limiting, aspect of the invention, a 
human TCL-l cDNA sequence is that present in plasmid PAll . 5 as 

deposited with the ATCC and assigned ATCC Accession Number 

35 — . Such a sequence can be cloned and sequenced, for example, 
as described in Section 6, infra. The invention also relates 
to nucleic acid sequences hybridizable or complementary to the 

- 12 - 
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foregoing sequences or equivalent to the foregoing sequences 
in that the equivalent nucleic acid sequences also encode a 
TCL-1 protein product. 

Nucleic acids encoding fragments and derivatives of TCL-1 
5 are additionally described infra. 

In a preferred aspect, polymerase chain reaction (PGR) is 
used to amplify the desired nucleic acid sequence in the 
library by using oligonucleotide primers representing known 
TCL-1 sequences. Such primers are disclosed infra in Section 
10 7 and may be used to amplify sequences of interest from an RNA 
or DNA source, preferably a cDNA library. PGR can be carried 
out, e.g., by use of a Perkin-Elmer Cetus thermal cycler and 
Taq polymerase (Gene Amp") . The DNA being amplified can 
include mRNA or cDNA or genomic DNA from any eukaryotic 
15 species. One can choose to synthesize several different 

degenerate primers, for use in the PGR reactions. It is also 
possible to vary the stringency of hybridization conditions 
used in priming the PGR reactions, to allow for greater or 
lesser degrees of nucleotide sequence homology between the 
20 TCL-1 gene being cloned and the known TCL-1 gene. Other means 
for primer dependent amplification of nucleic acids are known 
to those of skill in the art and can be used. 

After successful amplification of a segment of a TCL-1 
gene (e.g., an allelic or polymorphic variant or species 
25 homolog of a known TCL-1 gene) that segment may be molecularly 
cloned and sequenced, and utilized as a probe to isolate a 
complete cDNA or genomic clone. This, in turn, will permit 
the determination of the gene's complete nucleotide sequence, 
the analysis of its expression, and the production of its 
30 protein product for functional analysis, as described infra. 
in this fashion, additional genes encoding TCL-1 proteins may 
be identified. Alternatively, the TCL-1 gene of the present 
invention may be isolated through an exon trapping system, as 
is disclosed infra, in Section 6, using genomic DNA (Nehls et 
35 al., 1994, oncogene 9 (8) : 2169-2175 ; Vema et al . , 1993, 

Mnol^ic Acids Res . 21f22^ 15198:5202; and Auch et al . , 1990, 
Nucleic AcTTds Res . 18 r22) : 6743-6744) . 
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Potentially, any eukaryotic cell can serve as the nucleic 
acid source for the molecular cloning of the TCL-1 gene. The 
nucleic acid sequences encoding TCL-1 can be isolated from, 
for example, human, porcine, bovine, feline, avian, equine' 
5 canine, rodent, as well as additional primate sources. The 
DNA may be obtained by standard procedures known in the art 
from, for example, cloned DNA (e.g., a DNA "library"), by 
chemical synthesis, by cDNA cloning, or by the cloning of 
genomic DNA, or fragments thereof, purified from a desired 
10 cell. (See, for example, Sambrook et ai . , 1989, Molecular 
Cloning, A Laboratory Manual, 2d Ed., Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, New York; Glover, D.M. 
(ed.), 1985, DNA Cloning: A Practical Approach, MRL Press, 
Ltd., oxford, U.K. Vol. I, II.) A preferred source is cDNA of 
IS leukemic cells in which the leukemia is associated with a 

I4q32.l chromosomal abnormality. clones derived from genomic 
DNA may contain regulatory and intron DNA regions in addition 
to coding regions while clones derived from cDNA will contain 
only rci,-l exon sequences. in a particular embodiment of the 
20 present invention, a genomic sequence is one that is not more 
than 10 kilobases (kb) , or not more than 20 kb, or not more 
than 50 kb or not more than 70 kb. Whatever the source, the 
gene should be molecularly cloned into a suitable vector for 
propagation of the gene. m a particular embodiment, a 
25 preferred source of nucleic acid for the isolation of TCL-i 
gene sequences is from pre B-cells. 

In the molecular cloning of the gene from genomic DNA, 
DNA fragments are generated, some of which will encode the 
desired gene. The DNA may be cleaved at specific sites using 
30 various restriction enzymes. Alternatively, one may use DNAse 
in the presence of manganese to fragment the DNA, or the DNA 
can be physically sheared, as for example, by sonication. The 
linear DNA fragments can then be separated according to size 
by standard techniques, including but not limited to, agarose 
35 and polyacrylamide gel electrophoresis and column 
chromatography . 
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once the DNA fragments are generated, identification of 
the specific DNA fragment containing the desired gene may be 
accomplished in a number of ways. For example, a TCL-1 gene 
of the present invention or its specific RNA, or a fragment 
5 thereof, such as a probe or primer, may be isolated and 
labeled and then used in hybridization assays to detect a 
generated TCL-1 gene (Benton, W. and Davis, R. , 1977. S^xence 
i26:180; Grunstein, M. And Hogness, D. , 1975, Proc. Natl. 
f^rri. USA 22:3961). Those DNA fragments sharing 
10 substantial sequence homology to the probe will hybridxze 
under stringent conditions. The phrase "stringent 
as used herein refers to those hybridizing conditions that (1) 
employ low ionic strength and high temperature for washing, 
for example, 0.015 M NaCl/0.0015 M sodium citrate/0.1% SDS at 
15 50-c.; (2) employ during hybridization a denaturing agent such 
as formamide, for example, 50% (vol/vol) formamide with 0.1. 
bovine serum albumin/0.1% Ficoll/0.1% polyviny Ipyrrolidpne/ 50 
^ sodium phosphate buffer at pH 6.5 with 750 mM NaCl 75 mM 
sodium citrate at 42»c; or (3) employ 50% formamide, 5 x SSC 
20 (0.75 M NaCl, 0.075 M sodium pyrophosphate, 5 x °-nhardt s 

solution, sonicated salmon sperm DNA (50 g/ml) , 0.1% SDS, and 
10% dextran sulfate at 42«C, with washes at 42-0 m 0.2 x SSC 

and 0.1% SDS. " ^^i- 

It is also possible to identify the appropriate fragment 
„ by restriction enzyme digestion(s) and comparison of fragment 
sizes with those expected according to a known restriction 
„ap. Further selection can be carried out on the basxs of the 
properties of the gene. Alternatively , the presence of the 
gene may be detected by assays based on the physical 
3. Chemical, or immunological properties of . "^^^^^^^^^^ 
product. For example, cDNA clones, or genomic DNA clones 
Which hybrid-select the proper mHNAs, can be selected which 
produce a protein that has similar or identical 
electrophoretic migration, isolectric focusing behavior 
„ proteolytic digestion maps, binding activity - = 
properties as Known for TCL-1. Alternatively, the TCL 1 
protein may be identified by binding of labeled antibody to 
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the putatively TCL-1 expressing clones, e.g., in an ELISA 
(enzyme-linked immunosorbent assay) -type procedure. 

The TCL-1 gene can also be identified by mRNA selection 
by nucleic acid hybridization followed by in vitro 
5 translation. In this procedure, fragments are used to isolate 
complementary mRNAs by hybridization. Such DNA fragments may 
represent available, purified TCL-1 DNA of another TCL-l gene. 
Immunoprecipitation analysis or functional assays of the in 
vitro translation products of the isolated products of the 

10 isolated mRNAs identifies the mRNA and, therefore, the 
complementary DNA fragments that contain the desired 
sequences. In addition, specific mRNAs may be selected by 
adsorption of polysomes isolated from cells to immobilized 
antibodies specifically directed against TCL-1 protein. A 

15 radiolabelled TCL-1 cDNA can be synthesized using the selected 
mRNA (from the adsorbed polysomes) as a template. The 
radiolabelled mRNA or cDNA may then be used as a probe to 
identify the TCL-1 DNA fragments from among other genomic DNA 
fragments. 

20 Alternatives to isolating the TCL-1 genomic DNA include, 

but are not limited to, chemically synthesizing the gene 
sequence itself from a known sequence or making cDNA to the 
mRNA which encodes the TCL-1 protein. For example, RNA useful 
in cDNA cloning of the TCL-1 gene can be isolated from cells 

25 which express TCL-1, e.g., pre-B acute lymphoblastic leukemia 
cells or endemic Burkitt's lymphoma cells which express cell 
surface IgM and do not secrete immunoglobulin. Other methods 
are known to those of skill in the art and are within the 
scope of the invention, 

3 0 The identified and isolated gene can then be inserted 

into an appropriate cloning vector- A large number of vector- 
host systems known in the art may be used. Possible vectors 
include, but are not limited to, plasmids or modified viruses, 
but the vector system must be compatible with the host cell 

35 used. Such vectors include, but are not limited to, 

bacteriophages such as lambda derivatives, or plasmids such as 
PBR322 or pUC plasmid derivatives. The insertion into a 
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cloning vector can, for example, be accomplished by ligating 
the DNA fragment into a cloning vector which has complementary 
cohesive termini. However, if the complementary restriction 
sites used to fragment the DNA are not present in the clonxng 
5 vector the ends of the DNA molecules may be enzymatically 
modified. Alternatively, any site desired may be produced by 
ligating nucleotide sequences (linkers) onto the DNA termxni; 
these ligated linkers may comprise specific chemically 
synthesized oligonucleotides encoding restriction endonuclease 
10 recognition sequences. In an alternative method, the cleaved 
vector and TCL-l gene may be modified by homopolymer ic 
tailing. Recombinant molecules can be introduced into host 
cells via transformation, transf ection, infection, 
electroporation, or other methods known to those of skill in 
15 the art, so that many copies of the gene sequence are 
generated . 

in an alternative method, the desired gene may be 
identified and isolated after insertion into a suitable 
cloning vector in a "shot gun" approach. Enrichment for the 
20 desired gene, for example, by size fract ionization , can be 
done before insertion into the cloning vector. 

in specific embodiments, transformation of host cells 
with recombinant DNA molecules that incorporate the isolated 
TCL-l gene, cDNA, or synthesized DNA sequence enables 
25 generation of multiple copies of the gene. Thus, the gene may 
be obtained in large quantities by growing transf ormants , 
isolating the recombinant DNA molecules from the transf ormants 
and. When necessary, retrieving the inserted gene from the 
isolated recombinant DNA. 
30 Oligonucleotides containing a portion of the TCL-l 

coding or non-coding sequences, or which encode a portion of 
the TCL-l protein (e.g., primers for use in PGR) can be 
synthesized by standard methods commonly known m the art. 
such Oligonucleotides preferably have a size in the range of 
35 to 25 nucleotides. In a particular embodiment herein, such 
oligonucleotides have a size in the range of 15 to 25 
nucleotides or 18 to 25 nucleotides. 
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5.2. Expression of the TCL-1 Gene 

In accordance with the present invention, polynucleotide 
sequences coding for a TCL-1 protein, derivative, e.g. 
fragment, or analog thereof, can be inserted into an 
5 appropriate expression vector, i.e., a vector which contains 
the necessary elements for the transcription and translation 
of the inserted protein-coding sequence, for the generation of 
recombinant DNA molecules that direct the expression of a TCL- 
1 protein. Such TCL-l polynucleotide sequences, as well as 

10 other polynucleotides or their complements, may also be used 
in nucleic acid hybridization assays, Southern and Northern 
blot analysis, etc. In a specific embodiment, a human TCL~1 
gene, or a sequence encoding a functionally active portion of 
a human TCL~1 gene is expressed. In yet another embodiment, a 

15 derivative or fragment of a human TCL-1 gene is expressed. 

Due to the inherent degeneracy of the genetic code, other 
DNA sequences which encode substantially the same or a 
functionally equivalent TCL-1 amino acid sequence, is within 
the scope of the invention. Such DNA sequences include those 

20 which are capable of hybridizing to the human TCL-1 sequence 
under stringent conditions. 

Altered DNA sequences which may be used in accordance 
with the invention include deletions, additions or 
substitutions of different nucleotide residues resulting in a 

25 sequence that encodes the same or a functionally equivalent 
gene product. The gene product itself may contain deletions, 
additions or substitutions of amino acid residues within an 
TCL~1 sequence, which result in a silent change thus producing 
a functionally equivalent TCL-1 protein. Such amino acid 

30 substitutions may be made on the basis of similarity in 

polarity, charge, solubility, hydrophobicity , hydrophilicity , 
and/or the amphipathic nature of the residues involved. For 
example, negatively charged amino acids include aspartic acid 
and glutamic acid; positively charged amino acids include 

35 lysine and arginine; amino acids with uncharged polar head 
groups having similar hydrophilicity values include the 
following: leucine, isoleucine, valine; glycine, alanine; 
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asparagine. gXuta^ine; serine, threonine; phenylalanine , 

'"'"'Tht'D^A sequences of .he invention may be engineered in 
orderTo ^Iter ! rc.-. coding seguence .or a variety c. ends 
5 including but not limited to alterations which modify 

es^i'ng and expression of the gene P^^'^'^'^'^J^^ ^ZlV 
LtatiOhS -ay be introduced using f/// H Zl. 

^v,o e a., site-directed mutagenesis, to 

known in the arr, e.^., =>-i 

new restriction sites, to alter P—^J^":";/,!: ' 

in another embodiment of the invention, a TCI I g 
seauence or a derivative thereof is llgated to a non-TCI. 1 
seguencl to encode a chimeric fusion protein. A fusion 
Totein may also be engineered " ;;;-";^;-!r:r::rin 
,„.atea between a --—-—rrbe cleaved avay from 
15 sequence, so that tne i'-^ f TCL-1 

• 4-,, Tn a soecific embodiment, tne i^i^ 

rrdriigrerce pre ent trthe fusion protein consists of 
:r lastlo cltiguoL amino acids, at least con-^guou. 

-iH.. at least 50 contiguous amino acids, at least 
amino acids, at least contiguous amino acids, 

20 contiguous amino acids, at least 1 sequence, 
or at least 114 amino acids of the TCL ^ P'^ 

in an alternate embodiment of the invention, ^^^^^ J 
of a TCL-1 is synthesized in whole or m part, using 
sequence of a TCL l is y example. 
Chemical methods well )cnown in the art. See, f 

^ ^7 1980 Acid = svmp. Ser, . j.-^ 

25 caruthers et al . , 1980, jm ^s.^ pno -2331; Matteucci and 

^ . ,r,r. Horn 1980, ^^1^^ R^^' ?(10) .2331, 

crea and Horn, i^o » — - ->,.-7Tq. and Chow and 

iQBn Trtrnh''^^7n T.e1iters 2J.-719, ana 
caruthers, 1980, Trtry- "n 3^7. Alternatively, 

•iQfii Nuc AcidsReSju 9 f 12 ) . .^ou ' 

Kempe, 1981, N"^- ^^ - ^ „oi„a chemical methods to 

*.»^r, itself could be produced using chemic<ix 
the protein itseir coux t- ^hole or in part. 

:rgrp:r:rrn:: 

Le creighton. 1,S3. --^if^--tr:;n;^tt^ 
,s E^izi^i^. : pep;ides m" be confirmed by 

rnrrd ara "sis Ir sequencing ,e.,. . the .dman degradation 
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procedure; see Creighton, 198 3, Proteins. Structures and 
Molecular Principles. W.H. Freeman and Co., pp, 3 4-49. 

In order to express a biologically active TCL-1 protein 
or derivative thereof, a polynucleotide sequence encoding a 
5 TCL-1 protein, or a derivative thereof, is inserted into an 
appropriate expression vector, i.e., a vector which contains 
the necessary elements for the transcription and translation 
of the inserted coding sequence. The TCL-1 gene products as 
well as host cells or cell lines transfected or transformed 

10 with recombinant TCL-1 expression vectors can be used for a 
variety of purposes. These include but are not limited to 
generating antibodies (i.e., monoclonal or polyclonal) that 
immunospecif ically bind a TCL-1 protein. Anti-TCL-1 
antibodies can be used in detecting or measuring levels of a 

15 TCL-1 protein in patient samples. 

5.3- Expression Systems 

Methods which are well known to those skilled in the art 
can be used to construct expression vectors containing a TCL~1 
20 coding sequence and appropriate transcriptional/ translational 
control signals. These methods include ±n vitro recombinant 
DNA techniques, synthetic techniques and in vivo 
recombination/genetic recombination. See, for example, the 
techniques described in Sambrook et al . , 1989, Molecular 

2 5 Cloning. A Labo ratorv Manual 2d ed. , Cold Spring Harbor 

Laboratory, N.Y. and Ausubel et al . , 1989, Current Protocols 
in Molecular Bioloav. Greene Publishing Associates and Wiley 
Interscience , N.Y. 

A variety of host-expression vector systems may be 

3 0 utilized to express a TCL-1 coding sequence. These include 

but are not limited to microorganisms such as bacteria 
transformed with recombinant bacteriophage DNA, plasmid DNA or 
cosmid DNA expression vectors containing an TCL-1 coding 
sequence; yeast transformed with recombinant yeast expression 
35 vectors containing an TCL-1 coding sequence; insect cell 
systems infected with recombinant virus expression vectors 
(e.g., baculovirus) containing an TCL-1 coding sequence; plant 
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- ™« infected with recombinant virus expression 
cell systems mfectea wn^ tobacco mosaic 

rr cauliflower mosaic virus, CaMV, tooacc 
vectors (e.g., cauiiiiow „i=,«=mid expression 

virus TMV) or transformed with recombinant plasmid exp 
virus, TMV) containing an TCL-1 coding 

S Terurce^ orinl^afcell Lystems. The expression elements of 

' :rer::;.ems varv in .heir ---^-^r'arri' number 
Depending on the host/vector system ""^ including 

of suitable transcription and translation elements, inclu 

nstitutive and inducible promoters, may be used in the 
constitutive a ^^^^ ^^^^.^^ bacterial 

10 expression vector. ^ «t of bacteriophage X, 

as the baculovirus poXyhedrin promoter may be 

olant cell systems, promoters derived from the 
" clonxn, n plant eel y ^^^^ ^^^^^ p^moters; the 

genome "'^^'^^/^^'^.^'..tunit of RUBISCO; the promoter tor 
promoter for the smaii niant viruses 

Le Chlorophyll a/h .indln. protein 

.e.g.. the 35S BNA promoter of caHV. /^^^^ ,^3, 

„ of TMV) may be used; «hen cloning in -™^^;- =^ ''^ 
promoters derived from the genome of --^^^^^^^^^i^^ ,1;,'. 
Ltallothioneln promoter, or from mammal an v. use < .^^^^ 

adenovirus late promoter; the ---"j;;^; '^^^^^ multiple 
„ rp - r-lTrr-n^V-Tn: -.ased vectors may 

- rte:uTy:rer a^mr- 1::::::::^ 

be advantageously selected depending upon ^^^^^ 

^x,^-r-o<=«ied For example, when iarqe 
vw*^ TPT-i orotexn expressea. rwt f 
the TCL 1 pro produced for the 

,0 quantities of ^ ^ „^i,^ direct the expression 

'rrgrrevl s Of protein products that are readily 

Of high levels o vectors include but are not 

purified may be desirable^ uc._^ vector pU...S ,.uther et 
limited to the E. coj.± e f ^ . . rcL-1 coding sequence 

3. .1.. i,s3, fff-r rrrarwi" the lac . codmg 
:::r„ ir:::: .s-ia= . protem is produced; pih 
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vectors (Inouye & inouye, 1985, Nucleic acids Poo i2:3ioi- 
3109; Van Heeke & Schuster, 1989, J. Biol, rh^m 261:5503- 
5509); and the like, pGEX vectors may also be used to express 
foreign polypeptides as fusion proteins with glutathione s- 
5 transferase (GST). m general, such fusion proteins are 
soluble and can easily be purified from lysed cells by 
adsorption to glutathione-agarose beads followed by elution in 
the presence of free glutathione. The pGEX vectors are 
designed to include thrombin or factor Xa protease cleavage 
10 sites so that the cloned polypeptide of interest can be 
released from the GST moiety. 

In yeast, a number of vectors containing constitutive or 
inducible promoters may be used. For a review see, Current 
Protocols in Molecular Bjology , Vol. 2, 1988, Ed. Ausubel et 
15 al., Greene Publish. Assoc. & Wiley Interscience, Ch. 13; 
Grant et ai . , 1987, Expressi on and Secretion Vectors for 
Yeast, in Methods in Enzymology, Ed. Wu & Grossman, 1987, 
Acad. Press, N.Y. 153:516-544; Glover, 1986, DNA Cloning, vm 
II, IRL Press, Wash., D.C., Ch. 3; and Bitter, 1987, 
2 0 Heterologous Gene Expression in Yeast, Methods in EnzvmolQc^y . 
Eds. Berger & Kimmel, Acad. Press, N.Y. 1^:67 3-684; and The 
MQ3.ecular Biology of th^ V e ast Sat^nharomvces . 1982, Eds. 
Strathern et al . , Cold Spring Harbor Press, Vols. I and ii. 
In cases where plant expression vectors are used, the 
25 expression of an TCL-1 coding sequence may be driven by any of 
a number of promoters. For example, viral promoters such as 
the 35S RNA and 19S RNA promoters of CaMV (Brisson et al , , 
1984, Nature 3^0:511-514), or the coat protein promoter of TMV 
(Takamatsu et ai . , 1987, EMBO J . 6:307-311) may be used; 
30 alternatively, plant promoters such as the small subunit of 
RUBISCO (Coruzzi et al . , 1984 . EMBO J . 3:1671-1680; Broglie et 
al., 1984, Scj.ence 224:838-843); or heat shock promoters, 
e.g., soybean hspl7.5-E or hspl7.3-B (Gurley et al . , 1986, 
}iol. Cell. Biol. 6:559-565) may be used. These constructs can 
35 be introduced into plant cells using Ti plasroids, Ri plasmids, 
plant virus vectors, direct DNA transformation, 
microinjection, electroporation, etc. For reviews of such 
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for example, Weissbach S. Weissbach, 1988, 
techniques see, for example, o.-oes NY 

vv, H= for Molecv ^^r- Rioloav. Academic Press, NY, 

M^t;- ^r.ds for P19P^ ""A rorev 1988, Plant: 

section VIII, pp. "21-463, and Grxerson * 
,„,r-llfi r «^°lcav - " Blaolcie, London, =»• ' 

, J, Ilternallve expression ^X"™ ^ ^ Tursyste™, 

express a TCL-1 gene is an insect system. In one such y 
:::^o,r.p.a caii,.r„ica nuclear P-y.ea-" v-s .cHPV, 
..ed as a vector to express jreguence .ay .e 

Trerrn:orn-rsre:trai region: ,.or example tne poly.edrin 

10 clonea in^o nwn ^ t «^ an acNPV 

. of the virus and placed under control of an AcNPV 

:ror example, tne polynedrin prom t r) successful 
* =. Trr-i coding sequence will result in 
rcra-tiol :;rpoIyneLin ^ene and prod c i . _ 

" "-riracrrarcorLr.:-;^;^^^^ ■ 

proteinaceous coa infect Spodoptera 

recombinant viruses are then used to infect J 

w oolls in which the inserted gene is expressea 
frugiperda cells in whi 46:584; Smith, U.S. 

(e.g., see Smith et al . , 1983, J- 

20 patent No. 4,215,051). 

in mammalian host cells, a number of ^^ral ba ^ 
expression systems may be utilized. In cases wher an^^ 
adenovirus is used as an expression vector, a 
sequence may be ligated to an adenovirus 

• ^^«T, /translation control complex, e.g., the 
25 transcription/translation chimeric gene 

J v.r.ir.aT-tite leader sequence. inis 
oromoter and tripartme acci -a „ in vitro or 

Ly tnen be inserted in the adenovirus ^--^^/^/^^/^^..^ 
..vc recombination. Insertion xn ^ ^ 

.ne viral genome ,e^,^. ^'^^ ^ c able o. expressing a 
30 recombinant vxrus that is viable ^^^^ 

TCL-1 in infected hosts. ^ ^.^^ernatively, the 

vaccinia 7.S K promoter may be used ^ IZ:..^^-^: "acKett et 

,S al., 1984. 19:857-864; Panicali at al . , 1 

,,.,^1 .,-,,1 USA 2^=4927-4931). 
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Specific initiation signals may also be required for 
efficient translation of an inserted TCL-l coding sequences 
These signals include the ATG initiation codon and adjacent 
sequences. In cases where an entire TCL-i gene, including its 
5 own initiation codon and adjacent sequences, is inserted into 
the appropriate expression vector, no additional translational 
control signals may be needed. However, in cases where only a 
portion Of a TCL-l coding sequence is inserted, lacking the 5- 
end, exogenous translational control signals, including the 
10 ATG initiation codon, must be provided. Furthermore, the 

initiation codon must be in phase with the reading frame of a 
TCL-1 coding sequence to ensure translation of the entire 
insert. These exogenous translational control signals and 
initiation codons can be of a variety of origins, both natural 
15 and synthetic. The efficiency of expression may be enhanced 
by the inclusion of appropriate transcription enhancer 
elements, transcription terminators, etc. (see Bittner et al . , 
^^^"7. Methods in Enzymnl 153:516-544). 

In addition, a host cell strain may be chosen which 
2 0 modulates the expression of the inserted sequences, or 
modifies and processes the gene product in the specific 
fashion desired. Such modifications (e.g., phosphorylation) 
and processing (e.g., cleavage) of protein products may be 
important for the function of the protein. Different host 
25 cells have characteristic and specific mechanisms for the 
post-translational processing and modification of proteins. 
Appropriate cells lines or host systems can be chosen to 
ensure the correct modification and processing of the foreign 
protein expressed. To this end, eukaryotic host cells which 
30 possess the cellular machinery for proper processing of the 
primary transcript, and phosphorylation of the gene product 
may be used. Such mammalian host cells include but are not 
limited to CHO, VERO, BHK, HeLa, COS, MDCK, 293, WI3 8, etc. 
For long-term, high-yield production of recombinant 
35 proteins, stable expression is preferred. For example, cell 
lines which stably express a TCL-1 protein may be engineered. 
Rather than using expression vectors which contain viral 
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cells can be transformed with 
origins of replication, host cells can ,«„trol 
TCL-I DNA controlled by appropriate expression control 
:re»en.s ( e ... promoter , enhancer, -~ ^^^^^ 
terminators, polyadenylation sites, etc.), and ^ ^^^^^ 
5 marker. Following the introduction of foreign DNA, -^-^^^ 
Tens may be allowed to grow for days in a" -.ched 

.edia, and then are switched to a 

selectable marker in the recombinant plasmid confers 
selectat, selection and allows cells to stably 

'^:::rrte pllslid into their Chromosomes and grow to form 
" Tocir- in turn can be cloned and expanded into cell 1 nes 
.is method may adv.^^^^^^^^^^^^^^ reTJ:n:r;e:^^ 

:rth:rf:rp:oru:ing^ recombinant p-;-;--- 

. Hr,«i- cell transformed with a recombinant 
15 culturing a host ^^.^ ^he TCI.-1 

expression vector encoding a TCL i pr pvnressed 
protein is expressed by the cell and recovering the expressed 

'^'■\Turb::'of selection systems may be used, including but 
,0 not limited to the herpes simplex virus thymidine kinase 
Z ATr Tt al 1977, cell il:223), hypoxanthine-guanine 
(Wigler et al . , . TT.szvbalska i Szybalski, 1962, Eroc^ 

phosphoribosyltransferase (Szybalska *. y 

m^l^^^^^^-^^^^ 48:2026), and a™ 
phosphoribosyltransferase (Lowy et al . , 1980, ^ 

. , ^ o7 IQRO Nnti t^r-^f^- SCI. 

methotrexate (Wigler et al . , 1980, "y" . 

*. =J IQRl Pi — /- Ma1-1. Acad SCI. UP.O 

r 0 «ecen.ly. aa.i.iona. selec.a.le 



utilize indole in place of tryptophan; hisD, which 
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cells to utilize histinol in place of histidine (Hartman & 
Mulligan, 1988, Proc. Natl. Acad. <;.--i Tig^ 8^:8047); and ODC 
(ornithine decarboxylase) which confers resistance to the 
ornithine decarboxylase inhibitor, 2- (dif luoromethyl) -DL- 
5 ornithine, DFMO (McConlogue, L. , 1987, In: Current 

cpimnunications in Molecui^T - Bioloav . Cold Spring Harbor 
Laboratory, Ed.). 

5.4. Idsntification of Transf ectants or 
10 Tranaformanta T hat Eagareaa 

The host cells which contain the coding sequence and 

which express the biologically active gene product may be 

identified by at least four general approaches; (a) DNA-DNA or 

DNA-RNA hybridization; (b) the presence or absence of "marker" 

gene functions; (c) assessing the level of transcription as 

measured by the expression of TCL-1 mRNA transcripts in the 

host cell; and (d) detection of the gene product as measured 

by immunoassay or by its biological activity. 

In the first approach, the presence of the TCL-1 coding 

2 0 sequence inserted in the expression vector can be detected by 

DNA-DNA or DNA-RNA hybridization using probes comprising 

nucleotide sequences that are homologous to the TCL-1 coding 

sequence, respectively, or portions or derivatives thereof. 

In the second approach, the recombinant expression 

25 vector/host system can be identified and selected based upon 

the presence or absence of certain "marker" gene functions 

(e.g., thymidine kinase activity, resistance to antibiotics, 

resistance to methotrexate, transformation phenotype, 

occlusion body formation in baculovirus, etc.). For example, 

30 human TCL-1 coding sequence is inserted within a marker 

gene sequence of the vector, recombinant cells containing the 

rci,-I coding sequence can be identified by the absence of the 

marker gene function. Alternatively, a marker gene can be 

placed in tandem with a TCL-1 sequence under the control of 

35 the same or different promoter used to control the expression 

of the TCL-1 coding sequence. Expression of the marker in 
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response « induction or seiecrion indioa.es expression of the 

TCL-1 coding sequence. tcl- 

I„ the third approach, transcriptional activity ot a TCL 
, gene can be assessed by hybridisation assays. For example, 
5 B«I can be isolated and analyzed by Northern blot us.n, a 

Trobe having sequence homology to a TC-l -°^''^\-.'^;''2Zf 
transcribed noncoding sequence or particular portions thereof, 
tlternltively total nucleic acid of the host cell «ay be 
extrirteranl quantitatively assayed for hybridization to such 

" '""1; the fourth approach, the levels of a protein 
..oduct can be assessed immunologically, for example by 
Testern blots, immunoassays such as radioim„uho-precipitat.on, 
enzyme-linked immunoassays and the like. 

" 5 5 ^..,...;.,^ion i.vr,resse«1 Gene Product 

once a recombinant which expresses the TCL-1 gene 
sequence is identified, the gene -Z:";:^^,.... 
This is achieved by assays based on the physio 
„ properties of the product, including radioactive labelling of 
tlHroduct followed by analysis by gel electrophoresis- 
t^unoassay, or other detection methods .nown to those of 



skill in the art. ^ „«v be isolated 

once the TCL-1 protein is identified, it may be iso 
„ and purified by standard methods including chromatography 
, „ ion exchange, affinity, and sizing column 
h/omlt grarhV, , Lntrifugation, differential solubility, or 
bv anv other standard technique for the purification of 
pLteins The functional properties may be evaluated using 



proteins 
30 any suitable assay. 



any suitable assay. ^^otein produced by a 

Alternatively, once a TCL-1 protein p 
.ecoabinant is identified, the a.ino acid — /^^/^^^ 
;rotein can be deduced from the nucleotide 

Liberie gene contained in the — ^J^Zl ^nown 
3S protein can be synthesized -^^^^^ 

in the art (e.g., see Hunkapiller et al . , 19 



310 ; 105-111) . 
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In a specific embodiment of the present invention, such 
TCL-1 proteins, whether produced by recombinant DNA techniques 
or by chemical synthetic methods, include but are not limited 
to those containing, as a primary amino acid sequence, all or 
5 part of the amino acid sequence substantially as depicted in 
Figure 3A (SEQ ID NO:2), as well as fragments and other 
derivatives, and analogs thereof. 

5.6. Generation of AntibQd;;^ea to TC i^f? 
10 According to the invention, TCL-1 protein, its fragments 

or other derivatives, or analogs thereof, may be used as an 
immunogen to generate antibodies which recognize such an 
immunogen. Such antibodies include but are not limited to 
polyclonal, monoclonal, chimeric, single chain. Fab fragments, 
15 and an Fab expression library. In a specific embodiment, 
antibodies to a human TCL-1 protein are produced. 

Various procedures known in the art may be used for the 
production of polyclonal antibodies to a TCL-1 protein or 
derivative or analog. For the production of antibody, various 
20 host animals can be immunized by injection with the native 
TCL-1 protein, or a synthetic version, or derivative (e.g., 
fragment) thereof, including but not limited to rabbits, mice, 
rats, etc. Various adjuvants may be used to increase the 
immunological response, depending on the host species, and 
25 including but not limited to Freund's (complete and 

incomplete), mineral gels such as aluminum hydroxide, surface 
active substances such as lysolecithin , pluronic polyols, 
polyanions, peptides, oil emulsions, keyhole limpet 
hemocyanins, dinitrophenol , and potentially useful human 
30 adjuvants such as BCG (bacille Calmette-Guerin) and 
corynebacterium parvum. 

In a specific example, the 14 kDa protein of the TCL-1 
gene expressed in bacteria was used to immunize rabbits 
against TCL-1. Such antibodies recognized the 14 kDa TCL-l 
35 protein in a variety of leukemia and lymphoma cells by Western 
Blot and by immunoprecipitation . 
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For preparation of Bonoolonal antibodies directed toward 
a TCI-i protein sequence or analog thereof, any 
wJch provides for the production of antibody nolecuies by 
continuous cell lines in culture »ay be used. "-P^- 
5 tbe hybrido^a technique originally developed by Kohler and 
^itstein ,1975. aSS=495-4,7,. as well as the trio^a 

technique the hu„an B-c.ll hybrido.a technique CKozbor et 

" .983 T ^°^'V i^"'- EBV-hybrido.a 

te^^nique to produce hu^an monoclonal antibodies <Cole et al . , 
„ 1985 in Monoclonal Antibodies and Cancer Therapy. Alan 

inc PO 77-96). In an additional embodiment of the 
ire;tion;'rnoclonal antibodies can be produced in qerm-free 
l^Zls utilizing recent technology ,PCT/US90/02545, . 

ording to the' invention, human antibodies may be used and 
L obtained by using human hybridomas (Cote et al . . 1983. 
" : ^rA . USA 80:2026-2030, or by transforming 
Proc, Nan. — A t^qu j — ^^^^^ ^ ^7 iqr5 in 

;z^z7i:^:rz:^^^^r.s m vitro (c^e et ^-^^^^ 

^ i.,nVi- nr- -.-^-^ Therapy, .^^^^ ^ . ^^"^/^ 

T;:;;, . m fact, according to the invention, "^''-f 
, H for the production of "chimeric antibodies 
" d-eloped for the pro al=^S51- 

(Morrison et ' j^^: 604-608: Ta.ceda et 

1985 Ssars 314:452-454) by splicing the genes from a 
rouse "ibSTtllTule specific for .C.-l J- 
„ Irom a human antibody molecule of ^^^"^'^l';J^;lZ ;X^ 
activity can be used: such antibodies are within 

this invention. rj^scribed for the 

According to the invention, techniques "^""^"^^ 
production of single chain antibodies (U.S. ^"^^ 
30 :.946.7,S) can be adapted to P^^^^^ -^e^r: i eltion 

Chain antibodies. An additional rab 
utilizes the techniques described ^^^^^^ 
expression libraries (Huse et ai 1989, ^^^^^^ 
1.81, to allow rapid and easy p„„ins. 
35 fragments with the desired specificity for TCL 
derivatives, or analogs. 
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Antxbody fragments which contain the idiotype of the 
molecule can be generated by Xnown techniques. For example 
such fragments include but are not limited to: the F(ab') ' 
fragment which can be produced by pepsin digestion of the' 
5 antibody molecule; the Fab' fragments which can be generated 
by reducing the disulfide bridges of the F(ab'), fragment, and 
the Fab fragments which can be generated by treating the 
antibody molecule with papain and a reducing agent. 

In the production of antibodies, screening for the 
10 desired antibody can be accomplished by techniques known in 
the art, e.g. ELISA (enzyme-linked immunosorbent assay) For 
example, to select antibodies which recognize a specific 
domain of a TCL-l protein, one may assay generated hybridomas 
for a product which binds to a TCL-1 fragment containing such 
IS doma.n. For selection of an antibody specific to human TCL-I, 
one can select on the basis of positive binding to human TCL-l 
and a lack of binding to, for example, mouse TCL-1 

The foregoing antibodies can be used in methods known in 
the art relating to the localization and activity of the 
20 protein sequences of the invention (e.g., see Section 5.7, 
xnfra). e.g., for imaging these proteins, measuring levels 
thereof in appropriate physiological samples, etc. 



5.7. 

25 



Structure of th^ -rnT..-, gan^ '»--^~in 

The structure of the TCL-l gene and protein can be 
analyzed by various methods known in the art- 



5.7.1. Genetie Analy aia 

The cloned DNA or cDNA corresponding to the TCL-1 gene 
30 can be analyzed by methods including but not limited to 
southern hybridization (Southern, e.M. , 1975, j. mqI . Rim 
98:503-517), Northern hybridization (see, e.g.. Freeman et 

Prpc. Natl. Acari. gr^i , rTCi^ o^-m-^i imn), 
restriction endonuclease mapping (Maniatis, T. , 1982, 
35 Molecular Cloning, a Laboratory, Cold Spring Harbor, 'new 

York), and DNA sequence analysis. Polymerase chain reaction 
(PCR; U.S. Patent Nos. 4,683,202, 4,683,195, and 4,889,818; 
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, 1988 pr— l-iT' 

r.'a^spec..ic p.o.e can a.^o . 

c T-^^r-i aene in DNA from various cell types. J-n o 

' Tu^L:: nv.riai.a.ion .av use. .o -"""-^ 

itnlcaae of TCI,-2. PCS followed by hybridisation assay can 
'xso n used to detect or measure TCL-1 RNA or 14q32.1 

rorso::: abnormalities. ~.-'=-:rirtre"c"! 

» „ h. used to determine the expression levels of the 

" other Lsays are described in Section 5.8.1. Various 
le I'ty^es at various states of development or activ tV can 

tes^d for TCL-1 expression. The stringency of the 
hvbr!d!zttion conditions for both Southern and Northern 
„ hybrid ation, or dot blots, can be manipulated to ensure 
detection of nucleic acids with the desired degree of 
relatedness to the specific rCL-I P"^^ "^^"^^^^ 

Restriction endonuclease mapping can be used to 
determine the genetic structure of the TCL-l gene^ ^ 
„ Kestriction maps derived by restriction endonuclease 
w« confirmed by DNA sequence analysis. 
" OHX seruence analysis can be performed by any technigues 
.nown in th! art. including but not : 

Maxam and Cilbert <1,80. ^^^^^-^^^■^^f^'^l^^^^.X.-^ 
,5 Sanger dideoxy method (Sanger et al., [ 

dAti-r^ use of T7 DNA polymerase i lao^i. 

Sei^USA 24:5463) , the use o automated 
Richardson U.S patent . ^^^^^^ 

ONA seguenator '^-^-^^^^^f^^^^^J,, gene comprises the 

The cDNA sequence of a represeni^ /ceo ID NO: 

30 sequence substantially as depicted in Figure 3A (SEQ 
1), and described in Section 6, mfra- 

5.7.2- ^T.»«.«in Analyais 
The amino acid sequence of the TCL-1 ^^^^^'''J'^J'J^^^^^ 
3, derived by deduction from the .^^^^ j;^^:::^:^ 
by direct sequencing of the protein, e.g.. with 
alino acid sequencer. The amino acid sequence of a 
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representative TCL-l protein comprises the sequence 
substantially as depicted in Figure 3A (SEQ ID NO: 2) and 
detailed in Section 6, infra, with the representative 'mature 
protein that is shown by amino acid numbers 1-114. 
5 The TCL'l protein sequence can be further characterized 

by a hydrophilicity analysis (Hopp, t. and Woods, K. , 1981 
Prpc. N^tl. Acad. Sci. TT^Sft 78:3824) . A hydrophilicity profile 
can be used to identify the hydrophobic and hydrophilic 
regions of the TCL-l protein and the corresponding regions of 
10 the gene sequence which encode such regions. 

Secondary structural analysis (Chou, P. and Fasman, G., ' 
1974, Biochemlstrv 13:222) can also be done, to identify 
regions of the TCL-l protein that assume specific secondary 
structures. 

15 Manipulation, translation, and secondary structure 

prediction, as well as open reading frame prediction and 
plotting, can also be accomplished using computer software 
programs available in the art. 

Other methods of structural analysis can also be 

20 employed. These include but are not limited to X-ray 

crystallography (Engstom, A., 1974, Biochen,. Fvp ph^t 11.7. 
13) and computer modeling (Fletterick, R. and Zoller, M. 
(eds.), 1986, computer Graphics and Molecular Modeling, in 
current Communications in Molecular Biology, Cold Spring 
25 Harbor Laboratory, Cold Spring Harbor, New York). 

5.8. Oses ot TCL-l and its TCL-l Protein 
Product and An tibodiaa Thereto 

Chromosomal translocations and inversions associated with 

3p the rCI,-I locus on chromosome 14, e.g., t ( 14 : 14 ) (qll ;q32 ) 

chromosome translocation, inv ( 14 ) (qll ;q32 ) chromosome 

inversion, and t (7 : 14 ) (q35 : q32 ) chromosome translocation, are 

associated with several post-thymic types of T-cell leukemias, 

including, but not limited to, T-prolymphocytic leukemias (T-' 

35 PLL) (Brito-Babapulle and Catovsky, 1991, Cancer c^.r^^^ 

Cytoq^n^t . 5^:1-9), acute and chronic leukemias associated 

with the immunodeficiency syndrome ataxia-telangiectasia (AT) 
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(Russo et al., 1988, Cell 53:137-144; Russo et al . , 1989, 
Ac ^H ^.i. USA 86:602-606), and adult T-cell 
leu)ce»ia (Virgilio et al . , 1993, PNM 90:9275-9279). In soxne 
cases of AT-associated translocations, in T-cell leukemxa and 
5 lymphoma involving the 14q32.1 band, clonal expansion of cells 
carrying abnormalities in 14q32.1 have been documented in some 
cases prior to the development of overt malignancy (Russo, et 
al (1988) ceil vol. 53, pg- 137-144). Therefore, a TCL-1 
polynucleotide, its TCL-l protein product and antibodies 
10 thereto can be used for diagnostic and/or therapeutic/ 

prophylactic purposes for the above described diseases, as 
well as other disorders associated with chromosomal 
t:ranslocations and inversions associated with the TCL-1 locus 
and/or, increased expression of TCL-1 RNA or protein. A TCL-1 
15 polynucleotide, its TCL-1 protein product and antibodies 
thereto may be used for therapeutic/prophylactic purposes 
alone or in combination with other therapeutics useful in the 
treatment of T-cell leuKemias. Such molecules can also be 
used in diagnostic assays, such as immunoassays, to detect, 
20 prognose, diagnose, or monitor various conditions, a.s..s.s , 
and disorders associated with TCL-1 gene expression or monitor 
the treatment thereof. Accordingly, in specific embodiments, 
T-cell malignancies or premalignant changes in such tissues is 
diagnosed by detecting increased TCL-1 expression in patient 
25 samples relative to the level of TCL-1 expression m an 

analogous non-malignant sample (from the patient or another 
person, as determined experimentally or as is known as a 
standard level in such samples). For diagnostic purposes, a 
TCL'l polynucleotide may be used to detect TCL-1 gene 
30 expression or increased TCL-1 gene expression in disease 
states, such as, T-cell leuKemias and lymphomas. For 
therapeutic purposes, a TCL-1 protein can be us.<l ^J^^J 
anti-TCL-1 antibodies that may neutralize the activity of TCL 
1 included within the scope of the present invention are 
. 35 oligonucleotide sequences, that include antisense HKA and OHA 
.olLules and ribozymes, that function to inhibit expression 
of a TCL-1 RNA or protein. 
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^•■•i' Diagnostic Daaw 

As illustrated Infra, the TCL-l gene sequence is 
associated with disease states associated with chromosome 14 
translocations and inversions around the TCL-l locus, is 
5 preferentially expressed early in T and B lymphocyte' 

differentiation and demonstrates a high level of expression in 
cells from patients diagnosed with T-PLL carrying an inversion 
of chromosome 14, inv(l4) (qn;q32) or patients carrying a 
t(i4:l4) (qii;q32) chromosome translocation. Accordingly, TCL- 
10 I gene sequences may be used diagnostically for the detection 
of diseases states resulting from chromosomal abnormalities, 
e.g., translocations, inversions and deletions, involving the 
TCL'l locus of chromosome 14. Nucleic acids comprising TCL-l 
nucleotide sequences of at least 8 nucleotides, at least 15 
IS nucleotides, at least 25 nucleotides, at least 50 nucleotides, 
at least 100 nucleotides, at least 200 nucleotides, at least 
300 nucleotides, or at least 387 nucleotides up to 1324 
nucleotides of SEQ ID NO: i may be used as probes in 
hybridization assays for the detection and measurement of TCL- 
20 1 gene. Nucleic acids of not more than 5 kilobases, of not 
more than lo kilobases, not more than 25 kilobases, not more 
than 50 kilobases or not more than 70 kilobases which are 
hybridizable to a TCL-l gene, cDNA, or complementary strand 
can be used as probes in hybridization assays for the 
25 detection and measurement of TCL-l nucleotide sequences. As 
an example, the TCL-l DNA sequence may be used in 
hybridization assays, e.g.. Southern or Northern analysis, 
including in situ hybridization assays, of patient's samples 
to diagnose abnormalities of TCL-l expression. Hybridization 
30 assays can be used to detect, prognose, diagnose, or monitor 
conditions, disorders, or disease states, such as T-cell 
malignancies, associated with aberrant changes in TCL-l 
expression and/or activity as described supra. in particular, 
such a hybridization assay is carried out by a method 
35 comprising contacting a sample containing nucleic acid with a 
nucleic acid probe capable of hybridizing to TCL-l DNA or rna, 
under conditions such that hybridization can occur, and 



- 34 - 



PCT/US95/ 13663 
WO 96/135 14 

deteotin, or measuring any resulting hybridization. In 

^t!oul!r hybridization assays can be used to detect the 
Tresen- aLor^aXities associated with increased expression 
Tn^l Lna by hybridizing -BNA or cDHA fro» a patxent 

^LTt^W probe, and measuring the amount of resulting 

' :rridization For exa.pl which can be used include. 

bit arlnot limited to Northern blots. Dot blots, reverse 
but "° preferred hybridization assay is 

transcriptase PCB etc P ^^^^^^ 

Northern blot analysis oi o k length 
1. probes of at least 15 polynucleotides up to the full leng 
cONA seguence shown in Figure .A. Another P-^"«^ 
^bridiLticn assay is in ^^Z:^:^':^^^^- 

15 alt, and are in fact the basis of many commercially 

^"'Ts":e:Te;ein. patient samples which can be used 
„.de but are not limited to, fresh or frozen tissue 

w:^: can be used m m situ hybridization assays; 
„ ceU or tissue samples containing ^-^Vmphccytes and. in 

, natlent samples containing nucleic acid, such as 

nrp^Lrrrd lymphocytes .FB. a-j;----::: 

be used in assays that measure or quantitate TCL 
» ^"Polynucleotide s.ue s o ^ ^ ;o-stlng of^at^east 

^^^^^^^^ 

rrimrdirde:: ritiratrarif icati n .^^^^^^^^^ 

3. the present invention include, but 

polymerase chain reaction ■""P^'^^^nechnlgues are well 

reaction, and ligase chain reaction. ^= l^^^^^^ 

..nown by those of sKill m the art. * P^^^^"^ 
amplification method of the present --""^ ^ ^^^^^^ 
35 transcriptase PCR (RT-PCR) 
359:557-558). 
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In a particular embodiment of the present invention, each 
primer of a pair of primers for use in a primer dependent 
nucleic acid amplification method is selected from a different 
exon of the genomic TCL-l nucleotide sequences. For example, 
5 if one primer of a pair or primers is selected from exon i of 
the TCL-l genomic sequence, the second primer will be selected 
from exon 2, 3 or 4 of the TCL-l genomic sequence. As another 
example, if one primer of a pair of primers is selected from 
exon 2 of the TCL-l genomic sequence, the second primer will 
10 be selected from exon i, 3, or 4 of the TCL-l genomic 

sequence. By selecting each primer of a pair of primers for 
use in a primer dependent nucleic acid amplification method 
from a different exon, amplified genomic nucleotide sequences 
can be distinguished from amplified cDNA nucleotide sequences 
15 due to the size difference of the resulting amplified 

sequences. Resulting amplified genomic nucleotide sequences 
will contain amplified intron sequences and will be of a 
larger size than amplified cDNA nucleotide sequences that will 
not contain amplified intron sequences. For amplification of 
2 0 CDNA nucleotide sequences, the primer sequences should be 

selected from exons sequences that are sufficiently far enough 
apart to provide a detectable amplified nucleotide sequence. 

The TCL-l gene sequences of the present invention may be 
used diagnostically for the detection of chromosome 14 
25 abnormalities, in particular translocations t (14 : 14 ) (qll :q32 ) 
and inv(14) (qli;q32) inversion at 14q32 . 1 . Accordingly, the 
present invention provides a process for detecting a target 
sequence indicative of or including a chromosome 14 
abnormality in a sample, comprising the steps of amplifying 
30 the target sequence in the sample using a first primer of 8 to 
25 nucleotides, preferably ia-2 5 nucleotides, complementary to 
the nucleotide sequence of SEQ ID NO: 1 or SEQ ID NO: 3, and a 
second primer complementary to a region teleomeric or 
centromeric to the TCL-l gene and detecting any resulting 
35 amplified target sequence in which the presence of the 

amplified target sequence is indicative of the abnormality. 
The present invention also provides a method of diagnosing a 
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T-cell malignancy associated with chromosome 14 abnormalities 
in a patient comprising, detecting said chromosome 14 
abnormality according to the method above in which the 
oresenee of the amplified target sequence indicates the 
S presence of a T-cell malignancy in the patient. The resultant 
amplified target sequence can be detected on gel 
electrophoresis and compared with a normal sample or standard 
that does not contain a chromosome 14 abnormality. V.rgilio 
et al.. supra, disclose polynucleotide sequences useful as 
1, second primers. other polynucleotide sequences useful as 
second primers can be selected from the T-cell receptor a/ 
locus, the T-cell receptor B chain, or if the chromosome 14 
abnormality involves an inversion, a polynucleotide sequence 
5. to exon 1 of the TCL-1 gene, or if the chromosome 
15 abnormality involves a translocation, a polynucleotide 
sequence 3 • to the 3 ■ intron of the TCL-l gene. The 
amplification of genomic DNA target sequences may "'5"^"- 
generatlng long PCK products. PCH techniques for generat ng 
ion, PCR products are described in Ssi^ "^^^^^^^ 
a« 15S5; PCR .cits for generating long PCR products are available 
from Per.cin Elmer and Ta-cara Shuzo Co., Ltd. The present 
invention also provides a method for detecting a target . 
nucleotide sequence indicative of or including at least a 
portion of a chromosome 14 abnormality in a nucleic acid 
„ sllple, comprising the steps of hybridizing the sample with a 
nuclei; acid probe of not more than 10 .ilobases. -"P^--^ 
in the range of 15-1324 nucleotides complementary to at least 
a portion of the nucleotide sequence of SE« ID NO: 1; and 

detecting or measuring the ^^"^'^^ Zt:^^^^^^ w->^in 
30 hybridization between the probe and the target seq 

X sample. The resultant hybridization between the probe and 
Z tarqir sequence within the sample can be detected using 
get electrophoresis. and can be compared to a target sequence 
::om a normal sample or standard that does ""^ ^^""^ 
« chromosome 14 abnormality. The present invention also 
" pretties a method of diagnosing a T-cell -"-^J ^ ^^^^'^ 
with chromosome 14 abnormalities in a patient comprising. 
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detecting said chromosome 14 abnormality according to the 
method above in which the presence of the amplified target 
sequence indicates the presence of a T-cell malignancy in the 
patxent. Absolute complementarity between a hybridization 
5 probe and a target sequence, although preferred, is not 
required. a sequence "complementary to at least a portion 
Of", as referred to herein, means a sequence having sufficient 
complementarity to be able to hybridize with the nucleic acid 
forming a stable hybridization complex. The ability to 

10 hybridize will depend on both the degree of complementarity 
and the length of the nucleic acid. Generally, the longer the 
hybridizing nucleic acid, the more base mismatches with a TCL- 
1 RNA It may contain and still form a stable duplex (or 
triplex, as the case may be) . one skilled in the art can 

IS ascertain a tolerable degree of mismatch by use of standard 
procedures to determine the melting point of the hybridized 
complex. 

An additional aspect of the present invention 
IT''^" diagnostic kits for the detection or measurement of 
20 rCL-I gene sequences and TCL-1 protein. Accordingly, the 
present invention provides a diagnostic kit comprising, in a 
container a compound comprising a probe of not more than 10 
kilobases and comprising in the range of 15-1324 nucleotides 
Of the nucleotide sequence of SEQ ID NO: 1 or its complement. 
25 Alternatively, the present invention provides a diagnostic 
kit comprising, in one or more containers, a pair of primers 
of at least 8-25 nucleotides in which at least one of said 
primers is hybridizable to SEQ ID NO: i or its complement and 
Wherein said primers are capable of priming cDNA synthesis in 
30 an amplification reaction. The present invention also 

provides a diagnostic kit in which at least one of the primers 
IS hybridizable to SEQ ID NO: i or its complement and in which 
one of the primers is hybridizable to a DNA sequence located 
telomeric or centromeric to the TCL-l gene. m a specific 
35 embodiment, one of the foregoing compounds of the container 
can be detectably labeled. 
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The amplification reaction of the present invention may 
be a polymerase chain reaction, competitive PGR and 
competitive reverse-transcr iptase PGR (Glementi et al . , 1994, 

n. ^ Anal T«»-ch AppI 11X11:1-6 and Siebert et al . , 1992, 

5 MatiJCe 352:557-558); cyclic probe reaction, which allows for 
amplification of a target sequence using a hybrid RNA/DNA 
probe and RNase (ID Biomedical); ligase chain reaction (Wu et 
al. (1989) Genomics vol. 4, pp. 560-569). In a particular 
embodiment, the chromosomal abnormality associated with a TCL- 
10 1 locus can be detected as described in POT Publication No. 
WO/92/19775, dated November 12, 1992. In a specific 
embodiment, the TCL-1 probe used in a hybridization assay is 
detectably labeled. Such a label can be any known m the art 
including, but not limited to, radioactive labels, fluorescent 
15 labels, biotin, chemi luminescent labels, etc. 

in a specific embodiment in which the assay used employs 
primers, at least one primer can be detectably labeled. In 
another embodiment, one of a primer pair is attached to a 
moiety providing for capture, e.g., a magnetic bead. 
20 Anti-TCL-l antibodies may be generated and used 

diagnostically to detect the presence of TCL-1 protein product 
in patient samples thereby identifying disease states 
associated with chromosome 14 abnormalities. For detection of 
TCL-1 protein sequences, a diagnostic kit of the present 
25 invention comprises, in one or more containers, an anti-TCL-1 
antibody which optionally can be detectably labeled. In a 
different embodiment, the kit can comprise in a container, a 
labeled specific binding portion of an antibody. As used 
herein, the term detectable label refers to any label which 
30 provides directly or indirectly a detectable signal and 
includes, for example, enzymes, radiolabelled molecules, 
fluorescent molecules, particles, chemiluminesors , enzyme 
substrates or cof actors, enzyme inhibitors, or magnetic 
particles. Examples of enzymes useful as detectable labels in 
35 the present invention include alkaline phosphatase and horse 
radish peroxidase. A variety of methods are available for 
linking the detectable labels to proteins of interest and 
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include for example the use of a bif unctional agent, such as, 
4 , 4 • -dif luoro-3 , 3 • -dinitro-phenylsulf one, for attaching an 
enzyme, for example, horse radish peroxidase, to a protein of 
interest. The attached enzyme is then allowed to react with a 
5 substrate yielding a reaction product which is detectable. 
The present invention provides a method for detecting a TCL-1 
protein in a patient sample, comprising, contacting the 
patient sample with an anti-TCL-1 antibody under conditions 
such that immunospecif ic binding can occur, and detecting or 
10 measuring the amount of any immunospecif ic binding by the 
antibody. 

Samples can be any sample from a patient containing TCL-1 
protein, e.g., tissue sections, peripheral blood lymphocytes, 
etc . 

15 In diagnosing disease states, the functional activity of 

TCL-1 proteins, derivatives and analogs may be assayed by 
various methods. Accordingly, the present invention also 
provides a method of diagnosing a T-cell malignancy associated 
with chromosome 14 abnormalities in a patient comprising, 

20 detecting increased expression of TCL-1 protein in a sample 
from the patient, in which an increase in TCL-1 protein 
relative to the level found in such an analogous sample from a 
normal individual, indicates the presence of a T-cell 
malignancy in the patient. 

25 For example, in one embodiment, where one is detecting or 

measuring TCL-1 protein by assaying for binding to anti-TCL-1 
antibody, various immunoassays known in the art can be used, 
including but not limited to competitive and non-competitive 
assay systems using techniques such as radioimmunoassays, 

30 ELISA (enzyme linked immunosorbent assay) , "sandwich" 
immunoassays, immunoradiometric assays, gel diffusion 
precipitin reactions, immunodiffusion assays, in situ 
immunoassays (using colloidal gold, enzyme or radioisotope 
labels, for example) , western blots, In situ hybridizations, 

35 precipitation reactions, agglutination assays (e.g., gel 
agglutination assays, hemagglutination assays) , complement 
fixation assays, immunofluorescence assays, protein A assays. 
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^st-c In one embodiment, 
and immunoelectrophoresis assays, etc. 

^ w^^^r^rr detected by detecting a label on tne 
antibody binding is aeT:ecx-eu i^y 

fs detected by detecting binding of a secondary -"^^//^^^ 
5 reagent to the primary antibody. In a farther embodiment the 
s"!ndary antibody is labelled. Many means are .-.^'^^ 
"t tor detecting binding in an immunoassay and are wxth.n the 
scope of the present invention. In particular, such an 
i:::noassay is carried out by a method comprising ' 
. ^ole derived from a patient with an anti-TCL-1 antibody 
" :::: conditions such that immunospecific binding can o r 
and detecting or measuring the amount of any xmmunospecxf ic 
rndtn by tL antibody. In a specific -"-f 
to a TC.-i protein can be ^ rwh^ an 

X5 serum sample for the presence of a TCL 1 pr 

increased level of TCL-1 protein is an indication of a 
diseased condition. In one embodiment of the P"""^ ■ 
invention, the protein is detected or measured .y ^ 

immunocytochemistry of a P^^^^ "-^^ . "T:r-r:rotein or 
20 embodiment, assays to measure the levels of T P 

RNA can be used to moniter therapy of disease associated with 

i„„ r.f TCL-1 For example, a decrease in 

reir: rcf-rrofproUn after therapy, relative to the 

irvirfound before therapy, may -cative of a favora-e 
25 response to therapy. An increase in such level 

.ay be indicative of a poor -^P^^^^/^^^,^,!^, ' ^.^.ein or RHA 

in another embodiment, the levels of TCL 1 pro 
expression may he used to sta.e disease, with an increase 
TCL-1 protein or RNA expression indicating disease 

30 progression. skilled artisan and 

Other methods will be known to the skiliea 

are within the scope of the invention. 

5 a 2 >T.>>,,., p«.utic <'r— r^'Y^""^^'^ ^^^^ 

Inhibi;o;s of TCL-l may be used therapeutically for the 
treatment of disease states associated with chromosome 14 
abnormalities, in particular at l.g32.1, and/or increased 
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expression of TCL-l protein. m an embodiinenl: of the present 
invention, a TCL-l protein and/or cell line that expresses a 
TCL-l protein can be used to screen for antibodies, peptides 
or other molecules that bind to the TCL-l protein and thus may 
5 act as agonists or antagonists of TCL-l protein. For example, 
anti-TCL-l antibodies capable of neutralizing the activity of 
a TCL-l protein may be used to inhibit or prevent a disease 
state associated with chromosome 14 abnormalities and/or 
expression of TCL-l protein, such as T-cell leukemia and 
10 lymphoma. Accordingly, the present invention provides a 
method for treating a disease state associated with a 
chromosome 14 abnormality in mammal suffering from a disease 
state associated with a chromosome 14 abnormality comprising, 
administering a therapeutically effective amount of an anti-' 
15 TCL-l antibody to a mammal suffering from a disease state 
associated with a chromosome 14 abnormality. Alternatively, 
screening of organic or peptide libraries with recombinantly 
expressed TCL-l protein may be useful for identification of 
therapeutic molecules that function to inhibit the activity of 
20 TCL-l protein. Synthetic and naturally occurring products can 
be screened in a number of ways deemed routine to those of 
skill in this art. 

The ability of antibodies, peptides or other molecules to 
modulate the effect of TCL-l protein on disease states may be 

25 monitored. For example, the expression of TCL-l gene 
sequences or TCL-l protein sequences may be detected as 
described, supra, both before and after administration of a 
therapeutic composition comprising a TCL-l nucleotide 
sequence, TCL-l protein sequence, derivative or analog 

30 thereof, or antibody thereto, of the present invention. 

h TCL-l polynucleotide may be useful in the treatment of 
various disease states associated with chromosome 14 
abnormalities, such as T-cell leukemias and lymphomas, and/or 
increased expression of TCL-l protein. By introducing TCL-l 

35 antisense gene sequences into cells, gene therapy can be used 
to treat conditions associated with over-expression of TCL-l 
genes. Accordingly, the present invention provides a method 
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for treating a disease state associated with a chromosome 14 
abnormality in mammal suffering from a disease state 
associated with a chromosome 14 abnormality comprising, 
administering a therapeutically effective amount of a TCL-1 
5 antisense molecule to a mammal suffering from a disease state 
associated with a chromosome 14 abnormality. 

Oligonucleotide sequences, that include antisense RNA and 
DNA molecules and ribozymes that function to inhibit the 
translation of a TCL-1 mRNA are within the scope of the 
10 invention. "Antisense" as used herein refers to a nucleic 
acid capable of hybridizing to a portion of a TCL-1 RNA 
(preferably mRNA) by virtue of some sequence complementarity. 
Antisense RNA and DNA molecules act to directly block the 
translation of mRNA by binding to targeted mRNA and preventing 
15 protein translation. In regard to antisense DNA, 

oligodeoxyribonucleotides derived from the translation 
initiation site, e.g., between -10 and +10 regions of a TCL-1 
nucleotide sequence, are preferred. The present invention 
provides for an antisense molecule comprising a nucleotide 
20 sequence complementary to at least a part of the coding 

sequence of a TCL-1 protein which is hybridizable to a TCL-1 
mRNA. The present invention also provides for an antisense 
molecule comprising a nucleotide sequence complementary to at 
least a part of the non-coding sequence depicted in Figure 3B 
25 (SEQ ID NO: 3) or Figure 9 (SEQ ID NO: 5) which hybridizes to 
said sequence depicted in Figure 3B (SEQ ID NO: 3) or Figure 9 
(SEQ ID NO: 5), respectively. In a preferred embodiment of 
the present invention, the antisense gene sequence is derived 
from the 5' non-coding sequence of a TCL-1 gene. In a 
30 particularly preferred embodiment of the present invention, 
the antisense gene sequence is derived from SEQ ID NO: 3. 

Ribozymes are enzymatic RNA molecules capable of 
catalyzing the specific cleavage of RNA. The mechanism of 
ribozyme action involves sequence specific hybridization of 
35 the ribozyme molecule to complementary target RNA, followed by 
a endonucleolytic cleavage. Within the scope of the invention 
are engineered hammerhead motif ribozyme molecules that 
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oHrf r«L' -"--n"y cataly.e endonucleolytic cleavage 

Of TCL-1 RNA sequences. 

taraerirf ^'"^^ potential RNA 

target are initially identified by scanning the target 

5 molecule for ribozy^e cleavage sites which include the 

following sequences, gua, gUU and GUC. Once identified, short 
RNA sequences of between 15 and 20 ribonucleotides 
corresponding to the region of the target gene containing the 
Cleavage site n,ay be evaluated for predicted structural 
10 features such as secondary structure that may render the 
Oligonucleotide sequence unsuitable. The suitability of 
candidate targets may also be evaluated by testing their 
accessibility to hybridization with complementary 
Oligonucleotides, using ribonuclease protection assays 
15 Both anti-sense RNA and DNA molecules and ribozymes of 

the invention may be prepared by any method known in the art 
for the synthesis of RNA molecules. These include techniques 
for Chemically synthesizing oligodeoxyr ibonucleotides well 
known in the art such as for example solid phase 
20 phosphoramidite chemical synthesis. Alternatively, RNA 
molecules may be generated by in vitro and in vivo 
transcription of DNA sequences encoding the antisense RNA 
molecule. Such DNA sequences may be incorporated into a wide 
variety of vectors which incorporate suitable RNA polymerase 
25 promoters such as the T7 or SP6 polymerase promoters. 

Alternatively, antisense cDNA constructs that synthesize 
antisense RNA constitutively or inducibly, depending on the 
promoter used, can be introduced stably into cell lines 
various modifications to the DNA molecules may be 
30 introduced as a means of increasing intracellular stability 
and half-life. Possible modifications include but are not 
limited to the addition of flanking sequences of ribo- or 
deoxy- nucleotides to the 5- and/or 3- ends of the molecule or 
the use Of phosphorothioate or 2 • O-methyl rather than 

35 phosphodiesterase linkaaes within i-h** 

^J.lu^.a^e5 witnm the oligodeoxyribonucleotide 

backbone . 
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Methods for introducing nucleic acid into cells or tissue 
include methods for in vitro introduction of nucleic acid such 
as the insertion of naked nucleic acid, i.e., by injection 
into tissue, the introduction of a nucleic acid in a cell ex 
5 vivo, the use of a vector such as a virus, retrovirus, phage 
or plasmic, etc. or techniques such as electr operation which 
may be used in vivo or ex vivo. 

Other methods will be known to the skilled artisan and 
are within the scope of the invention. 



10 



15 



20 



5.9. DttBonstration of Therapeutic 
or Prophylactic atilitv 

The TCL-1 polynucleotides, TCL-1 protein products, 

derivatives and analogs thereof, and antibodies thereto, of 

the invention can be tested in vivo for the desired 

therapeutic or prophylactic activity. For example, such 

compounds can be tested in suitable animal model systems prior 

to testing in humans, including but not limited to rats, mice, 

chicken, cows, monkeys, rabbits, etc. For in vivo testing, 

prior to administration to humans, any animal model system 

known in the art may be used. 

5.9.1. Therapeutic/ Prophylactic 
Methods and Compositions 

The invention provides methods of treatment and 

2^ prophylaxis by administration to a subject of an effective 

amount of a Therapeutic, i.e., a TCL-1 polynucleotide, TCL-1 

protein, derivative or analog thereof, or antibody thereto of 

the present invention. In a preferred aspect, the Therapeutic 

is substantially purified. The subject is preferably an 

30 animal, including but not limited to animals such as cows, 

pigs, chickens, etc., and is preferably a mammal, and most 

preferably human. 

Various delivery systems are known and can be used to 
administer a Therapeutic of the invention, e.g., encapsulation 
3* in liposomes, microparticles , microcapsules, expression by 
recombinant cells, receptor-mediated endocytosis (see, e.g.. 
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Wu and Wu, 1987, J. Biol, c^^^ . 262:4429-4432), construction 
of a therapeutic nucleic acid as part of a retroviral or other 
vector, etc. Methods of introduction include but are not 
limited to intradermal, intramuscular, intraperitoneal, 
5 intravenous, subcutaneous, intranasal, and oral routes. The 
compounds may be administered by any convenient route, for 
example by infusion or bolus injection, by absorption through 
epithelial or mucocutaneous linings (e.g., oral mucosa, rectal 
and intestinal mucosa, etc.) and may be administered together 
10 with other biologically active agents. Administration can be 
systemic or local. In addition, it may be desirable to 
introduce the pharmaceutical compositions of the invention 
into the central nervous system by any suitable route, 
including intraventricular and intrathecal injection;' 
15 intraventricular injection may be facilitated by an 
intraventricular catheter, for example, attached to a 
reservoir, such as an Ommaya reservoir. 

In a specific embodiment, it may be desirable to 
administer the pharmaceutical compositions of the invention 
20 locally to the area in need of treatment; this may be achieved 
by, for example, and not by way of limitation, local infusion 
during surgery, topical application, e.g., m conjunction with 
a wound dressing after surgery, by injection, by means of a 
catheter, by means of a suppository, or by means of an 
25 implant, said implant being of a porous, non-porous, or 

gelatinous material, including membranes, such as sialastic 
membranes, or fibers. m one embodiment, administration can 
be by direct injection at the site (or former site) of a 
malignant tumor or neoplastic or pre-neoplastic tissue, 
30 In a specific embodiment where the Therapeutic is a 

nucleic acid encoding a protein therapeutic, the nucleic acid 
can be administered in vivo to promote expression of its 
encoded protein, by constructing it as part of an appropriate 
nucleic acid expression vector and administering it so that it 
35 becomes intracellular, e.g., by use of a retroviral vector 

(see U.S. Patent No. 4,980,286), or by direct injection, or by 
use of microparticle bombardment (e.g., a gene gun; Biolistic, 
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Duponr) , or coating with lipids or cell-surface receptors or 
trLsfllting agents, or by administering it in linkage to a 
L.eobox-li.e peptide wnicn is Known to enter the nucleus ,see 
e a., Joliot et al., 1991, pror Hat-,1 . S^f l '^ ■ "^^^ 

5 L ;8e4-186S,, etc. Alternatively, a nucleic acid therapeutic 
ttn be introduced intracellularly and incorporated within host 
cell DMA for expression, by homologous recombination. 

The present invention also provides pharmaceutical 
compositions. Such compositions comprise a therapeutically 
10 effective amount o£ a therapeutic, and a pharmaceutically 
" "eatable carrier or excipient. Such a carrier includes b.t 
is not limited to saline, buffered saline, dextrose, water 
glycerol, ethanol, and combinations thereof. The carrier and 
'Xsitlon can be sterile. The formulation should suit the 
„ mode Of administration ^.^^^ 
The composition, if desirea, can cax=» 
amounts of wetting or emulsifying agents, or pH buffering 
irents. The composition can be a liguid solution, suspension, 
emulsion, tablet, pill, capsule, ,,,<i 3S 

« formulation, or powder. The composition can be 
, suppository, with traditional binders and 

triglycerides. oral formulation can include standard carriers 
Lch L pharmaceutical grades of mannitol, lactose, starchy 
lagneslum stearate, sodium saccharine, cellulose, magnesium 

" ""^""rt' preferred embodiment, the composition is formulated 
m accordance with routine procedures as a P"^'""-""""; 
composition adapted for intravenous administration to human 
beings. Typically, compositions for intravenous 
30 "ministration are solutions in sterile — ^ --J^^,^ ^ 
buffer Where necessary, the composition may also include 
::"b U.ln, agent and a local anesthetic such - ^ ^-"-^ 
^ i-ho ..ite of the injection. Generally, tne 

" "llertra:: suppt e: : Lher separately or mixed together 
ingredients are suppi lyophilized powder 

3S m unit dosage form, for example, « J f/^^^^^^^ container 
or water free concentrate In a hermetically sealed 
such as an ampoule or sachette indicating the quantity of 
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"fuIL'^^r "'^ ""Po-ition is to be aa^inis.ered by 

infus.on, It «„ be dispensed with an infusion bottle 

Where'tne' 9rade water or saline. 

Where the composition is administered by iniection 

' tit^tt" ""r - — ::r::"r";. .rr" 

The 3 " administration, 

neutrir °' invention can be formulated as 

"c^udi Z . ^''"-^-'^""y acceptable salts 

1. der . "'"^ as those 

XO derived from hydrochloric, phosphoric, acetic, oxalic 

tartaric acids, etc., and those formed with free carb^xyl 

ITZVTJ^ "'^'"'^ potassium, ammonium, 

calcium ferric hydroxides, isopropylamine, triethylamine, 2- 
ethylamino ethanol, histidine, procaine, etc 

" be ..r'""""' °' ^"^ ^'>«aPe"tic of the invention which will 
be effective in the treatment of a particular disorder or 
condition will depend on the nature of the disorder or 
condition, and can be determined by standard clinical 
20 emolTr - assays may optionally be 

ZlH:\T T """"^^ P«=^- 

rlute L d"' ' ^-mulation will also depend on the 

route Of administration, and the seriousness of the disease or 

TjTrZ:-: ^^^^''-^ " -•'^ i""^— t Of 

25 su tab!! : ^"^^"^'^ Circumstances. However, 

25 suitable dosage ranges for intravenous administration are 

generally about 20-500 micrograms of active compound per 

Tj2"r intranasal 
administration are generally about 0.01 pg/Kg body weight to l 
m,/.g body weight. Effective doses may be extrapolated from 
30 dose-response curves derived from in vitro or animal model 

test systems, 

rano/Tri!""' generally contain active ingredient in the 
range Of 0.5% to 10% by weight; oral formulations preferably 
contaxn 10% to 95% active ingredient. 
35 The invention also provides a pharmaceutical pack or kit 

coxnprxsing one or more containers filled with one or more of 
the ingredients of the pharmaceutical compositions of the 
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can 



invention. Optionally associated with such container(s) 
be a notice in the form prescribed by a governmental agency 
regulating the manufacture, use or sale of pharmaceuticals or 
biological products, which notice reflects approval by the 
5 agency of manufacture, use or sale for human administration. 

5,9.2. Antisense Regulation of 
TCL-l Gene Ex preasion 

The present invention provides the therapeutic or 
prophylactic use of nucleic acids of at least six nucleotides 
that are antisense to a gene or cDNA encoding TCL-1 or a 
portion thereof (see also Section 5.8.2). Such antisense 
nucleic acids have utility as Antagonist Therapeutics of the 
invention, and can be used in the treatment or prevention of 
disorders, e.g., T-cell malignancies as described supra in 
Section 5.8. 

The antisense nucleic acids of the invention can be 
oligonucleotides that are double-stranded or single-stranded, 
RNA or DNA or a modification or derivative thereof, which can 
be directly administered to a cell, or which can be produced 
" intracellular ly by transcription of exogenous, introduced 
sequences • 

in a specific embodiment, the TCL-1 antisense 
polynucleotides provided by the instant invention can be used 
for the treatment of disease states associated with chromosome 
" 14 abnormalities, in particular at 14q32.1, wherein the 

disease state can be demonstrated (in vitro or in vivo) to 
express the TCL-1 gene. Such demonstration can be by 
detection of TCL-1 RNA or of TCL-1 protein. 

The invention further provides pharmaceutical 
" compositions comprising an effective amount of the TCL-1 

antisense nucleic acids of the invention in a pharmaceutically 
acceptable carrier, as described supra in Section 5.9.1. 
Methods for treatment and prevention of disease states 
associated with chromosome 14, such as T-cell malignancies 
comprising administering the pharmaceutical compositions of 
the invention are also provided. 
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In another embodiment, the invention is directed to 
methods for inhibiting the expression of a rCL-l nucleic acid 
sequence in a prokaryotic or eukaryotic cell comprising 
providing the cell with an effective amount of a composition 
5 comprising an antisense TCL-1 nucleic acid of the invention. 

The TCL-1 antisense polynucleotides are of at least six 
nucleotides and are preferably oligonucleotides (ranging from 
6 to about 50 oligonucleotides). m specific aspects, the 
oligonucleotide is at least 10 nucleotides, at least 2 0 
10 nucleotides, at least 3 0 nucleotides, or at least 4 0 

nucleotides. The oligonucleotides can be DNA or RNA or 
chimeric mixtures or derivatives or modified versions thereof, 
single-stranded or double-stranded. The oligonucleotide can 
be modified at the base moiety, sugar moiety, or phosphate 
15 backbone. The oligonucleotide may include other appending 
groups such as peptides, or agents facilitating transport 
across the cell membrane (see, e.g., Letsinger et ai . , 1989, 
Prpg. Hat-I. Acad. scj nsft M: 6553-6556; Lemaitre et ai . , 

Prpc, Natl. Acad. .Sri nsft M: 648-652; PCT Publication 
20 NO. WO 88/09810, published December 15, 1988) or blood-brain 
barrier (see, e.g., PCT Publication No. WO 89/10134, published 
April 25, 1988), hybridization-triggered cleavage agents (see, 
e.g., Krol et ai . , 1988, fiifiXsctuuaues 6:958-97 6) or 
intercalating agents (see, e.g., Zon, 1988, Pharm. Pe.<. . 5:539- 
25 549) . 

The oligonucleotide may be conjugated to another 
molecule, e.g., a peptide, hybridization triggered cross- 
linking agent, transport agent, hybridization-triggered 
cleavage agent, etc. 

30 Oligonucleotides of the invention may be synthesized by 

standard methods known in the art, e.g., by use of an 
automated DNA synthesizer (such as are commercially available 
from Biosearch, Applied Biosystems, etc.). As examples, 
phosphorothioate oligos may be synthesized by the method of 

35 Stein et ai . (1988, Nucl. Acirts poo 16:3209), 

methylphosphonate oligos can be prepared by use of controlled 
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pore glass polyiaer supports (Sarin et al . , 1988, Proc. r^atl- 
i^r-^ ri «^ei. USA . 85:7448-7451), etc. 

In a specific embodiment, the TCL-1 antisense 
oligonucleotide comprises catalytic RNA, or a ribozyme (see, 
5 e g., per international Publication WO 90/11364, published 
October 4, 1990; Sarver et al . , 1990, Science 242:1222-1225). 
in another embodiment, the oligonucleotide is a 2'-0- 
methylribonucleotide (Inoue et al., 1987, N^ rl . hrA^iS ReP - 
11:6131-6148), or a chimeric RNA-DNA analogue (Inoue et al . , 
10 1987, rras Lett . 2J^: 327-330) . 

in an alternative embodiment, the TCL-1 antisense nucleic 
acid of the invention is produced intracellular ly by 
transcription from an exogenous sequence. For example, a 
vector can be introduced in vivo such that it is taken up by a 
15 cell, within which cell the vector or a portion thereof is 
transcribed, producing an antisense nucleic acid (RNA) of the 
invention. Such a vector would contain a sequence encoding 
the TCL-1 antisense nucleic acid. Such a vector can remain 
episomal or become chromosomally integrated, as long as, .it can 
20 be transcribed to produce the desired antisense RNA. Such 
vectors can be constructed by recombinant DNA technology 
methods standard in the art. Vectors can be plasmid, viral, 
or others known in the art, used for replication and 
expression in mammalian cells. Expression of the sequence 
25 encoding the TCL-1 antisense RNA can be by any promoter known 
in the art to act in mammalian, preferably human, cells. Such 
promoters can be inducible or constitutive. Such promoters 
include but are not limited to: the SV40 early promoter region 
(Bernoist and Chambon, 1981, Nature 290:304-310), the promoter 
30 contained in the 3' long terminal repeat of Rous sarcoma virus 
(Yamamoto et al . , 1980, 21:787-797), the herpes thymidine 

kinase promoter (Wagner et al . , 1981, Vrnr Natl Arad. Sc:^. 
USA 71:1441-1445), the regulatory sequences of the 
metallothionein gene (Brinster et al . , 1982, Nature 2^:39- 

35 42) , etc. ■ ^ ^ 

The antisense nucleic acids of the invention comprise a 

sequence complementary to at least a portion of an RNA 
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transcript of a TCL-l gene, preferably a human TCL-1 gene. 
However, absolute complementarity, although preferred, is not 
required. A sequence "complementary to at least a portion of 
an RNA," as referred to herein, means a sequence having 
5 sufficient complementarity to be able to hybridize with the 
RNA, forming a stable duplex; in the case of double-stranded 
TCL'l antisense nucleic acids, a single strand of the duplex 
DNA may thus be tested, or triplex formation may be assayed. 
The ability to hybridize will depend on both the degree of 
10 complementarity and the length of the antisense nucleic acid. 
Generally, the longer the hybridizing nucleic acid, the more 
base mismatches with a TCL-l RNA it may contain and still form 
a stable duplex (or triplex, as the case may be). One skilled 
in the art can ascertain a tolerable degree of mismatch by use 
15 of standard procedures to determine the melting point of the 
hybridized complex. 

The TCL-l antisense nucleic acids can be used to treat 
(or prevent) T-cell malignancies, of a cell type which has 
been shown to express TCL-l RNA. Malignant, neoplastic, and 
20 pre-neoplastic cells which can be tested for such expression 
include but are not limited to those described supra in 
Sections 5.8. In a preferred embodiment, a single-stranded 
DNA antisense TCL-l oligonucleotide is used. 

Malignant (particularly, tumor) cell types which express 
25 TCL-l RNA can be identified by various methods known in the 
art. such methods include but are not limited to 
hybridization with a TCL-l -specif ic nucleic acid (e.g., by 
Northern hybridization, dot blot hybridization, in situ 
hybridization) , observing the ability of RNA from the cell 
30 type to be translated in vitro into TCL-l, etc. In a 

preferred -aspect, primary tumor tissue from a patient can be 
assayed for TCL-l expression prior to treatment. 

Pharmaceutical compositions of the invention, comprising 
an effective amount of a TCL-l antisense nucleic acid in a 
35 pharmaceutically acceptable carrier, can be administered to a 
patient having a malignancy which is of a type that expresses 
TCL-l RNA. 
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The amount of TCL-l antisense nucleic acid which will be 
effective in the treatment of a particular disease state or 
condition will depend on the nature of the disease state or 
condition, and can be determined by standard clinical 
5 techniques. Where possible, it is desirable to determine the 
antisense cytotoxicity of the tumor type to be treated xn 
vitro, and then in useful animal model systems prior to 
testing and use in humans. 

In a specific embodiment, pharmaceutical compositions 
10 comprising TCL-1 antisense nucleic acids are administered via 
liposomes, microparticles , or microcapsules. In various 
embodiments of the invention, it may be useful to use such 
compositions to achieve sustained release of the TCL-1 
antisense nucleic acids. In a specific embodiment, it may be 
15 desirable to utilize liposomes targeted via antibodies to 
specific identifiable tumor antigens (Leonetti et al . , 1990, 
o^^r^ Natl. <^c.i. USA 82:2448-2451; Renneisen et al . , 

1990, T Riol. Chem . 2^:16337-16342). 

This example describes the isolation and characterization 
of the TCL-1 gene. Two procedures were undertaken in order to 
isolate the TCL-1 gene. In one procedure, cDNA libraries, 
constructed from mRNA from an endemic Burkitt lymphoma cell 
25 line and two pre-B cell lines, Daudi , 697 and ALLl were 
screened using unique probes from the TCL-1 locus on 
chromosome 14. In the second procedure, exon trapping method 
(Nehls et al., 1994, Oppoqepe 9181:2169-2175; Verna et al . , 
1993, ^v^io^.- Anids Res. liiZil: 5198: 5202; and Auch et al . , 
30 1990, A.ids Res . 181211:6743-6744) using genomic DNA 

from PI clones 7-4 and 20-21 wais performed. 

6.1. t fateriaJ a and Methods 

6.1.1. T i^Qlatiop of nniaue Probes 

35 unique probes for the isolation of TCL-1 were derived 

from the human genomic library PI prepared from human 
placental DNA (Virgilio et al . , 1993, Vrnr N.tl Acad. gc;L. 
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USA 10:9275-9279,). Virgilio et al . , identifed Pi library 
Clones 7-4 and 20-21 which were doubly digested, the for»er 
wxth ClaJ and EaoRI , and the latter with SalX and EcoRI or 
wxth Eagi and Hindlll , and then subcloned in the vector pBS II 
5 available fro» Stratagene. The subclones were cultured, their 
DNA was prepared by standard minipreparation method and 
positive subclones were identified (Sambrook et al. i989 
Molecular Cloning, a Laboratory Manual, 2d ed. , Cold Spring 
Harbor Lab. Press, New York). Repeat free DNA fragments were 
10 identified by Southern blot hybridization with human cot-i DNA 
(Sambrook et al . , 1989, Molecular Cloning, A Laboratory 
Manual, 2d ed. , Cold Spring Harbor Lab. Press, New York). 

6,1.2. Exon Traoninq 

15 The PE53 vector, a reproduction of the pMHC2 vector 

(Hamaguchi et al . , 1992, Proc. ^^ad. ■<.^^ nc. 89:9779- 
9783), was provided by Dr. M. Ohta, at the Jefferson Cancer 
institute. It contains a portion of p53 exon lo, intron lo, 
and a portion of exon ll. a unique Bglll site is present in 
20 xntron 10 for cloning. One mg of the DNA of Pi clones 7-4 and 
20-21 was partially digested with Sau3A and the digested DNA 
Of molecular weight between 0.5 Kb and 5Kb was isolated and 
cloned into the Bglll site of pE53. 5 to 10 mg was 
transfected into semi-confluent COS-7 cells using lipofectase 
25 (available from BRL) . After 30 hours, total rna was isolated 
as described by Buckler et. ai. (i99l, Proc. n.m . .... c^j 
USA 88:4005-4009). Amplification of total RNA by reverse 
transcription-PCR was carried out with primers and procedures 
described by Hamaguchi et. a2 . (1992, Proc. N.^i ...h 
30 USA 89:9779-9783) . ~ 

Preparation of enw^ ^^^k^,^.^^ 
A cDNA library from Daudi cell line was constructed with 
a commercial kit for 1 Zap cDNA synthesis, from Stratagene. 
35 The ligation was packaged with Gigapak II Gold packaging 
extract (Stratagene). cDNA libraries constructed from the 
cell lines ALLl and 697 were kindly donated by Dr. T. Nakamura 
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and Dr. A. ar-Rushdi respectively (both at Jefferson Cancer 
institute) . The libraries were plated and screened using 
standard protocols (Sambrook et al . , 1989, Molecular Cloning, 
A Laboratory Manual, 2d ed. , Cold Spring Harbor Lab. Press, 
5 New York) . 

6.1.4. Prolcarvotic Eg pression 
The expression vector pQE30, available from Qiagen, 
containing the E. coli phage T5 promoter, two lac operator 
10 sequences and a six histidine affinity tag coding sequences 
was used for expression of the TCL-1 gene. p697 cDNA was 
digested with Ncol and EcoRJ, and the 5' protruding ends were 
filled in with the Klenow polymerase (Sambrook et al. , 1989, 
Molecular Cloning, A Laboratory Manual, 2d ed. , Cold Spring 
IS Harbor Lab. Press, New York). The purified DNA fragment was 
ligated to pQE3 0 previously digested with BamJII and treated 
with Klenow polymerase to blunt the ends. Positives clones 
were selected and the presence of a continuous open reading 
frame was confirmed by sequence analysis. Induction of 
20 expression of the cloned sequences and purification of the 
recombinant product was performed according to Qiagen 
recommendation. A total of 1.5 mg of recombinant product was 
purified from 400 ml of culture. 

25 6.I.S. Tn Vitro Translation 

The plasmid pALLl containing full length TCL-1 cDNA was 
linearized by digestion with ClaJ and transcribed and 
translated in vitro using the TNT Coupled Reticulocyte Lysate 
system according to manufacturer protocol (Promega) . The 

30 resulting products were subjected to SDS-PAGE followed by 
autoradiography . 

6.2 . Results 

6.2.1. rionina o f the TCr,-l Gene 
35 The search for the TCL-1 gene was focused on the region 

included between the two sets of breakpoints of approximately 
160 kb on the TCL-1 locus of chromosome 14 encompassed by the 
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PI Clones 7-4 and 20-21 (Virgilio et al . , 1993, Proc. . 
Ag^S^, Vgft 2fl:9275-9279) , as illustrated in Figure 1. in 

the effort to identify transcribed sequences, the areas 
surrounding restriction sites of rare cutter enzymes in these 
5 two PI clones were subcloned and unique probes were isolated. 
The recognition sites of rare cutter enzymes such as Mlul , 
Nrul and Not J, which are rich in CG content, may indicate the 
existence of a CpG island. Such CpG islands are often found 
in the proximity of transcribed genes (Lindsay and Bird, 1987, 
10 liaiMES 327:336-338). Four probes were generated in this way,' 
7-4CE, 20-7SE, 20-7HE and 9-lKK, whose position is shown in ' 
Figure 1, and hybridized to Northern blots containing RNAs 
from lymphoid and myelogenous cell lines. Only the probe 20- 
7HE and 20-7SE, derived from sequences adjacent to a NotI site 
15 (Figure 1) , hybridized with an mRNA from hematopoietic cell 
lines. This transcript of approximately 1 . 3kb in size, was 
clearly visible in the pre-B acute lymphoblastic leukemia 
(ALL) cell line ALL380 and in the endemic Burkitt lymphoma 
cell line Daudi (Figure 2). Three independent cDNA libraries, 
20 constructed from RNA from an endemic Burkitt lymphoma cell 
line and two pre-B cell lines, Daudi, 697 and ALLl , all of 
Which expressed high levels of the 1.3 kb transcript, were 
screened with the 20-7HE probe and positive clones were 
obtained from each library. These clones were designated 
25 pAlDaudi, pAll.5 and p697. 

In a parallel effort to identify transcripts, the Pi 
clones 20-21 and 7-4 were partially digested with Sau3A and 
cloned into an exon trapping vector containing exon 10, intron 
10, and exon 11 of the p53 gene. Several putative exons were 
30 isolated, but the majority were due to aberrant splicing at 
cryptic splicing sites. some trapped DNA fragments contained 
Aiu repeat sequences and one had high homology to transposon 
like sequences. However, the sequence of one of the trapped 
fragments matched the sequence of the cDNA isolated from the 
35 697 and ALLl libraries and was later found to correspond to 
exon 3 of the gene. 
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6.2.2. aamience unalvaia ef cDNA CXenes 
All three cDNA clones, pAlDaudi, pAll.5 and p697, were 
entirely sequenced and the complete sequence of pAll.5 is 
shown in Figure 3. Upon sequence comparison, pAll.5 and p697 
5 cDNAs were found to be identical, except for a base pair 
substitution at position 404 where a C in pAll.5 is a T in 
p697 CDNA. PAlDaudi was incomplete at the 5' end, was missxng 
the first 88 nucleotides, and additionally showed two small 
internal deletions, the pentamer ATGGT at position 394 and the 
10 octamer CTGCCCTT at position 707 (Figure 3) . All three clones 
of CDNA had 3' untranslated regions of slightly different 
length. pAll.5 contained the longest one with the presence of 
a consensus polyadenylation signal at position 1293. 

sequence analysis of the isolated cDNAs showed the 
15 presence of two long open reading frames (ORF) . Frame 1 

contains an ORF of 342 nucleotides with a starting ATG codon 
at position 46, located within a perfect Kozak consensus 
sequence, and with a stop codon at position 388 (Figure 3). 
This ORF potentially encodes for a protein of 114 amino acids 
20 with a predicted molecular weight of 13.5 kDa. Frame 2 

contains an ORF with a starting ATG codon at position 383 and 
a stop codon at position 773, to give a putative protein of 
14.5 kDa in molecular weight. However the presence in thxs 
second ORF of a point mutation and a deletion in two of the 
25 three independently isolated cDNA clones, as well as the 

position of this ORF only on the last exon, led us to believe 
that the second ORF is not translated. 

search of nucleic acid and protein data bases, revealed 
about a 40% amino acid sequence homology between the TCL-1 
30 protein and the Mature T-Cell Proliferative 1 protein (Stern 
et al.(1993) oncogen, vol. 8 pp. 2475-2483) which is involved 
in a translocation of chromosome 14 and the X chromosome 
t(14:X) (qll:q28) also found to be associated with T-PLL and 
AT, see Figure 8. The GCG Motifs program revealed the 
35 existence of a casein kinase II phosphorylation site 

(MAECPTLGEAVTDH) (a protion of SEQ ID NO: 2) starting at amino 
acid position 6. To confirm the presence of an open reading 
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frame .nd its abiilty to encode for a protein, the entire cDN, 
wa. subcloned into the proKaryotic expression vector pQE30 
Figure 4 Shows the specific induction of a l4^a protein and 
the protexn after purification. These results „e« also 
5 confirmed by in vitro translation, m order to study the 
genomic structure of the gene, a Sall-Hind III fragment 

ma°r!nd'th -^en=ed The 

map and the structure of the gene are shown in Figure l. The 

10 TZoTor""'^" ^' """"" ^'^^ ^ " -'"nslated 

region of approximately 800 nucleotides. The sequence 

immediately 5' to the cDNA showed the presence of five binding 
sites for the SPI transcription factor and a TATA box at 
position -41 (Figure 3B, ; these data confirm that the we have 
isolated a complete cDNA. 

15 

«.2.3. Production of Polyclonal 
Antl-TgT.- i An<^^hr^4iaa 

used ^ expressed in bacteria, was 

used to inuaunize rabbits Tho 

reacted ^^^K antisera raased in the rabbits 

20 reacted wxth a protein of i4kDa expressed in bacteria 

containing the recombinant TCL-i r.^^^ 

inanr TCL 1 gene, as shown by Western 

blot. The rabbit anti-TCL-i antibodies were also able to 
immunoprecipitate a 14 KDa protein from a variety of leukemic 
and lymphoid cells expressing TCL-l mRNA. 

25 

7 EjCPRgSSTON OF TTTF TCr... n^. ... ^ 

TCL l a" illustrates the increased expression of the 

TCL-l gene m various T-cell malignancies. 

30 '*^* Matar^ijijLa and Methods 

R«»verae tranaei-H p«- < ^ p^^^ 

Amplification of dna from isolated populations of bone 
inarrow B-cells, T-cell lines, Pbl, PHA stimulated pbl and 
thymus was performed using reverse transcriptase PCR. First 
" lllT-T performed using 1 mg of total RNA 

wxth either M-MLV (available from BRL, or AMV or Superscript 
(available from BRL) reverse transcriptase and respective 
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reaction buffer with either oligo dT or random primers One 
Tenthof the reaction was subsequently used for each single 

amplification. Amplification of DHA from isolated 
;:pul/tions Of bone marrow B-cells ^'^^J^^^J^rs 
5 stimulated PBL and thymus was carried out With TCL 1 P 
09A- TGCTGCCAGATGACTGATGT <SEQ ID HO: 6) and Rev III 

^ILtggaatcctccttggc, (SEQ id ho: 7, under the 
conditions. The nucleic acid was — -^/.^ :h:ral owed 
„.C. then allowed to anneal^for m. ^^a^^ - C; - 
XO to elongate for 1 -in. at 72 C fo 

rtrr-r::i::rrDarurir/rG:crGL^^^^^^ .s. . ho: 
riroaud! re.- '^-^^^'j;-:::!!:-'' 

the same conditions as above, excepT: rot „^i„ers 
tne sum internal standard, -primers 

15 temperature which was 60«C. As PGR intern 
specific for the B-actin gene were used: Al- 
TCATCACCATTGGCAATGAG (SEQ ID NO: 10) and A2- 

CAGTGTG^^^^ (SEQ - HO: 11). These primers were used 

under the same conditions as the TCL-1 primers. 

,12 isolation of Lymphocyte Cells by 
^;i.^.i....esconre rell^Bortinq, 

Bone marrow cells were obtained from 18-22 weeK fetal 
" ::::Thri^ centrifu.ation Of cell ^-^nsion^ 

Brad. S^i. USA H« ,„«wsis included anti-human Leu- 

,M^s, used for cell -;"=;/;^^^f;:„:rgln CDIS. anti-human 

» -'''^^"rrercts theTarly St m cell mar.er C034 <Becton- 

MPrA-2 which detects tne tsai. j.jr . w •> ^^■.r 

HPCA wiij. /eouthern Biotechnology 

DicKinson), and goat-anti-humanigM <^-^^«^^ cell-sorting, 
Associates) . For two-color surface analysis for 
•,>,i« FBM cells were incubated with fluorescein 
viable FBM cells weir . ^ , CD34 antibodies or goat- 

3^ isothiocyanate ("^-) ^-^^^^^f^/^^^^^^^^i,, PBS containing 
anti-hu IgM for 15 minutes on ice, J^^ 
2% HIFCS, and counterstained with phycoerythrm (PE) 
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conjugated MAb specific for CD19 . Subpopulations of 
lymphocytes were sorted according to immunofluorescence and 
ixght scatter characteristics with a FACS-star instrument 
(Becton-Dickinson) . The lymphocyte subpopulations collected 
5 were CD34.CD19., CD34.CD19., CD191om-, CD19hi m-, CD19.mlo 
and CDl9.mhi. Cells were collected, counted, and total RNA 
was extracted using Tri-Reagent (Molecular Research Center) . 
RNA was subjected to Northern blot analysis to reveal the 
existence a TCL-1 transcript. 



10 



7.1.3, Cell L-^pca and LvmnhoeY ^**" 

A variety of human cell lines derived from T-cell 
leukemias were subjected to Northern blot analysis to detect 
the existence of a TCL-1 transcript. The majority of the cell 
15 ixnes were obtained from American Type Culture Collection 

(ATCC). supTll, is a cell line derived from patient NL (Smith 
et ai., 1989, filopd 73 : 2182-2 187 ) . Peripheral lymphocytes 
were isolated from whole blood by centrif ugation on a Ficoll- 
Hypaque gradient, followed by a one hour adherence in petri 
20 dishes to remove the monocytes. Stimulation with 

Phytohemagglutinin (PHA) was carried at a final concentration 
of 0.1% for 3 days. Patients 62 and 312, presented with T-PLL 
involving an inversion of chromosome 14 , inv(i4) (qll;q32 . l) . 
in order to determine if the isolated gene is deregulated in 
25 cells with the t (14 : 14) (qii:q32) translocation, we carried out 
Northern blot analysis comparing the amount of TCL-l 
transcript present in resting peripheral blood lymphocytes 
(PBL), PHA activated PEL, SupTll cells, a cell line 
established from a patient with T-ALL with a t(l4-i4) 
30 chromosomal translocation (Lindsay and Bird, 1987, Nature 
122:336-338; Bertness et al . , 19^0, Cancer a.n.. ny .^^^^^. 
±1:47-54), and in a variety of human cell lines derived from 
T-cell leukemias (Table i) . 

we detected high levels of expression in SupTll cells 
35 (Figure 5A) . No expression was detectable in several other 
tumor derived T-cell lines lacking the TCL-1 translocation, 
such as Molt 4, HUT78, Jurkat and SupTl (Figure SB) (Table 1). 
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These results were also confirmed by the sensitive assay of 
RT-PCR as shown in Figure 5C. Of interest is the fact that 
SupTl cells carry an inverted chromosome 14, inv 14 (qll;q32) , 
in which the TCRa locus is not juxtaposed to the TCL-l, but is- 
5 positioned in front of the immunoglobulin heavy chain locus at 
14q32.3 (Baer et ai . . 1985, Cfiii 43: 705-713 ) . SupTl cells 
also carry a translocation between chromosome 7 and 9, that 
juxtaposes the TCRfi locus to the TAN-1 oncogene (Ellisen et 
ai., 1991, cell 66:649-661). Thus an inversion of chromosome 
10 14 that does not involve the TCL-l locus is unable to 
deregulate the rCL-I gene. Furthermore we performed a 
semiquantitative RT-PCR analysis on two independent cases of 
T-PLL carrying an inversion of chromosome 14, 

inv(14) (qll,-q32) . Both cases showed high expression levels of 
15 the TCL-1 gene, comparable to those observed in the SupTll 
cell line (Figure 6) . 



7.2 . Results 

7.2.1. Characterization ot the Tei.-l Gene d 
20 The TCL-1 gene is located in a chromosomal region banded 

by two clusters of breakpoints. In its strategic position, 
between the two clusters of breakpoints, the TCL-1 gene 
becomes juxtaposed to TCR-Ca/S regulatory elements in both 
types of rearrangements involving 14q3 2.1. In the case of 
25 inversions the TCL-1 gene is telomeric to the 14q32.1 break, 
hence the central part of the chromosome between qll and q3 2 
has flipped upside down and Ca/5 has been positioned 
centromeric and in proximity to the TCL-1 gene, the same holds 
true for translocations with inverted duplication. In the 
30 case of simple translocations, the gene is centromeric to the 
breaks and does not move during the rearrangement. In this 
case the break on the other chromosome 14 occurs in TCR a/ 6 
locus that moves to a region telomeric to the TCL-1 gene. In 
this model of activation the TCL-1 gene is activated by the 
35 control elements of the TCR gene, whether they are positioned^ 
5' of the TCL-1 gene, as in the cases of translocations, or 3' 
to TCL-1 r as in the cases of inversions. A similar situation 



- 61 - 



wo 96/13514 

PCT/US95/13663 

has been observed in Burkitt's lymphomas, where the Ig 
enhancers can be located upstream to the MYC oncogene in 
lymphomas with the t(8;l4) chromosomal translocation (Dalla- 
Favera et al . , 1982, PrPQ. Natl. Acad, ^ni tt<.^ , .o. . . 
5 Erxkson et al . , 1986, Scisnse ^:884-886) or downstream to 
MYC in lymphomas with the t(8;22) or the t(2;8) chromosomal 
translocation (Croce et ai . , 1983, Proc. n.m , . ^ad. ...^ , n<.^ 
80:6922-6926; Erikson et ai . , 1983, Proc. M.^i ..ad. .<^ni . rr.... 
8il:758l-7585). Similarly ig enhancers are found downstream to 
10 the BCL'2 gene in follicular lymphomas (Tsujimoto et al . , 

1985, Ssisnce 228:1440-1443; Tsujimoto and Croce, 1986, Proc. 
N^tlr Apa<jT gc^ USA 83:5214-5218) and upstream to the BCL'2 
gene in B-cell chronic lymphocytic leukemia (Adachi et al. . 
Proc. Natl. Ac;ari . sci. riciA . ottt _-. 7-7 j 

15 

7.2.2. Expression of the TCL-i Gene in 
Tximors and Mor mal Human Tiaauaa 
A large number of RNAs from tumor cell lines, both of 
lymphoid and non-lymphoid origin, were screened to study the 
20 pattern of expression of the TCL-i gene. The results 

summarized in Table 1 reveal that the TCL-1 gene is expressed 
at high levels in pre-B cells and in endemic Burkitt's 
lymphoma cells, which express cell surface IgM and do not 
secrete Ig (Magrath et al . , 1980, J. Natl . r.nn^^ Tn>=:i- . 
25 61:477-483), but is not expressed in sporadic Burkitt ' s 

lymphomas which secrete Ig. This data is illustrated by the 
presence of TCL-l transcripts in 697, ALL-1 and BV173 cell 
lines, all with a pre-B cell phenotype and by its absence in 
B-lymphoblastoid cell lines such as GM1500 and RPMI 8866. 
3^, Expression of the TCL-1 gene, at different stages of normal B 
cell differentiation, was studied by RT-PCR. Fetal bone 
marrow B-cell subpopulations were isolated by FACS, cDNAs 
prepared and PGR carried out with a primer from exon 3, p9A, 
and one from the 3' untranslated region, RevIIl, to give a 
35 fragment of 270 bp. The results are shown in Figure 6. No 
signal is present in the CD34+ CD19- stem cell rich fraction. 
Weak expression appears in CD34+ CD19+ subpopulation of pro B 
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cells, and expression peaks in IgM'pre B cells expressing high 
levels of CD19. The levels of expression remain high in 
immature IgM+ B cells (Figure 7) in the fetal bone marrow, 
whereas the signal is not detectable in mature peripheral B 
5 lymphocytes (Figure 5) . No expression of TCL-1 was observed in 
myelogenous cell lines or in cell lines derived from gastric, 
mammary or prostate carcinomas (Table 1) . Furthermore no 
expression of this gene was observed in polyadenylated RNA 
isolated , from a variety of normal human tissues such as heart, 

10 brain, placenta, lung, liver, skeletal muscle, kidney and 
pancreas (Northern blots obtained from Clontech) • The 
results, taken together, suggest that TCL-1 is expressed 
specifically in lymphoid cells. 

The results suggest that TCL-1 expression begins in 

15 normal B lineage cells as early as the CD34+CD19+ pro B cell 
stage. Its expression peaks in pre B cells, which express 
high levels of CD19 but no cell surface IgM, and its 
expression remains high in immature IgM+ cells in the bone 
marrow. A similar pattern of TCL-1 expression is noted for T 

20 lineage cells. Immature thymocytes, including the 

intermediate CD4+/CD8+ population express TCL-l transcripts, 
whereas mature T cells in circulation do not, unless they are 
activated, when low levels of TCL-1 transcripts may be 
expressed. In contrast mature B cells in the periphery do not 

25 express TCL-1. These findings parallel the results obtained 
with the lymphoid cell lines where pro B cell lines with the 
t(4;ll) chromosome translocation failed to express TCL-l, 
while high levels of TCL~1 transcripts were detected in pre B 
cell lines. This suggests that expression of TCL-1 may be 

30 linked to immunoglobulin and T cell receptor gene 

rearrangement and expression. The high level of expression of 
TCL-1 in leukemic T cells with the t(14:14) translocation and 
the inv(14) inversion, but not in leukemic T cell lines with 
other types of chromosomal rearrangements, strongly supports 

35 the conclusion that this gene becomes deregulated as a 

consequence of its juxtaposition to the a/ 6 locus of the T 
cell receptor. 
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Table 1 

EXPRESSION OF TCL-1 nRNA IN CELL LINE 
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9 DEPOSIT MICR OORGANISMS 

Plasmid pAll.'s, containlnc, a full-length TCL-X oDNA as an 
EooRI insert into the pBluescript SK. vector (Stratagene, .• and 
plasmid P20-7SE. containing a genomic sequence of '•"'^ 
5 (including the 5' sequence shown in Figure as a ^^"^""^ 

Insert inL the pBluescript SK* vector; -ere hoth deposited on 
October 25. 1994, with the American Type culture CoH-"""' 
1201 Parklawn Drive, Rockville, Maryland 20852, under the 
provisions of the Budapest Treaty on the International 
XO recognition of the Deposit of Microorganisms for the Purposes 
of patent Procedures, and were assigned accession numbers 
75923 and 75924, respectively. 

The present invention is not to be limited in scope by 
the specific embodiments described herein. Indeed. -"""^ 
» modifications of the invention in addition to those described 
herein will become apparent to those sKUled in the art from 
the foregoing description and accompanying figures. such 
modifications are intended to fall within the scope of the 

appended claims. 
20 various publications are cited herein, the 

disclosures of which are incorporated by reference in thexr 
entireties. 



25 



30 



35 
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SEQUENCE LISTING 

fl) GENERAL INFORMATION: 

(i) APPLICANT: Russo et al 

(iii) NUMBER OF SEQUENCES; il 

(iv) CORRESPONDENCE ADDRESS- 

(A) ADDRESSEE: Pennie ' & Edmonds 

!cl cJ'^^^M ''3' ^^^""^ °^ Americas 

(C) CITY: New York 

(D) STATE: New York 

(E) COUNTRY: U.S.A. 

(F) ZIP: 10036 

(V) COMPUTER READABLE FORM • 

(A) MEDIUM TYPE: Floppy disk 
CB) COMPUTER: IBM PC compatible 

C) OPERATING SYSTEM: PC - DOS /MS - DOS 
(D) SOFTWARE: Patentln Release #1.0, Version .1.25 

(VI) CURRENT APPLICATION DATA: 

fA) APPLICATION NUMBER- US 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(viiii ATTORNEY/ AGENT INFORMATION- 

,(A) NAME: Misrock, S. Leslie 

(B) REGISTRATION NUMBER* 18 872 

(C) REFERENCE/ DOCKET NUMBER !• 6754-027 

( IX) TELECOMMUNICATION INFORMATION - 
(A! TELEPHONE: (212) 790-9090 

(B) TELEFAX: (212) 7 90-8864/974 1 

(C) TELEX: 66141 PENNIE 



2) INFORMATION FOR SEQ ID NO : 1 : 

(1) SEQUENCE CHARACTERISTICS- 

•(A) LENGTH: 1324 base oairs 

(B) TYPE: nucleic acid' 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(il) MOLECL-LE TYPE: DNA 



( ix) FEATURE : 

(A) NAME/KEY: CDS 

(B) LOCATION: 49 . . 387 



(xi) SEQUENCE DESCRIPTION: SEQ : n: : 

CTTGAGAGGC TCTGGCTCTT nr'T"^^TTar'r' r-^- — 

^ov.i^il G^..^TTAGG CGo^'.^^AGG ACGCCATG GCC GAG TGC 
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Ala Glu Cvs 
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I- ?S sf. s - "° '^i 

?| sts ^. ;i? 1 s= iii i% £is 
?ii ™ - - 

5S ;S s ^ SI? ?s ^.f. ?s sf„ ?ii s?5 

- SS s5 ?S S 51? ?! if. 5S - - - 
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TGATGTATGO TCTTGGCAGC ACCTGTCTCC TTTCACCCCA GGGCCTGAGC CTGGCCAGCC 
TACAATGGGG ATGTTGTGTT TCTGTTCACC TTCGTTTACT ATGCCTGTGT CTTCTCCACC 
ACGCTGGGGT CTGGGAGGAA TGGACAGACA GAGGATGAGC TCTACCCAGG GCCTGCAGGA 
CCTGCCTGTA GCCCACTCTG CTCGCCTTAG CACTACCACT CCTGCCAAGG AGGATTCCAT 
TTGGCAGAGC ^TCCAGG TGCCCAGCTA TACCTGTGCC TCGGCTTTTC TCAGCTGGAT 
CATGGTcrrc AGCCTcrrrc TGTCCCTTCT GTCCCTCACA GCACTAGTAT TTCATGrrOC 
ACACCCACTC AGCTCCGTGA ACTTGTGAGA ACACAGCCGA TTCACCTGAG CAGGACCTCT 
OAAACCCTGG ACCAGTGGTC TCACATGGTG CTACGCCTGC ATGTAAACAC GCCTGCAAAC 
CCTGCCTGCC GGTAAACACG CCTGCAAACG CTGCCTGCCC GTAAACACGC CTGCAAACGC 
TGCCTGCCC^ CACAGGTTCA CGTGCAGCTC AAGGAAAGGC CTGAAAGGAG CCC^ATCTG 
TGCTCAGGAC TCAGAAGCCT CTGGGTCAGT GGTCCACATC CCGGGACGCA GCAGGAGGCC 
AGGCCGGCGA CCCCTGTGGA TGAGCCCTCA GAACCCTTGG CTTGCCCACG TGGAAAAGGG 
ATAGAGGTTG CGTTTCCCCC CTTTATAGAT GGTCACGCAC CTGGGTGTTA CAAAGTTGTA 
TGTGGCATGA ATACrrrTTG TAATGATTGA TTAAATGCAA GATAGTTrAT CTAACTTCGT 
CCGCAATCAG CrTCTATCCT TGACTTAGAT TCTGGTGGAG AGAAGTGAGA ATAGGCAGCC 
CCCAAATAAA AAATATTCAT GGAAAAAAAA AAAAAAA 
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(1) 'sequence CHARACTERISTICS: 

(A) LENGTH: 113 ammo acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 2 : 
Ala Glu Cys Pro Thr Leu Gly Glu Ala Val Thr Asp His Pro Asp Arg 

Leu Trp Ala Trp Glu Lys Phe Val Tyr Leu Asp Glu Lys Gin His Ala 

Trp Leu Pro Leu Thr He Glu He Lys Asp Arg Leu Gin Leu Arg Val 
-5 = 40 



45 



Leu Leu Arg Arg Glu Asp Val Val Leu Gly Arg Pro Met Thr Pro Thr 

55 60 

Gin lie Gly Pro Ser Leu Leu Pro He Met Trp Gin Leu Tyr Pro Asp 

^° 75 80 

Gly Arg Ty-r Arg Ser Ser Asp Ser Ser Phe Trp Ara Leu Val --r His 

85 90 ' 95 

He Lys He Asp Gly Val Glu Asp Met Leu Leu Glu Leu Leu Pro Ast. 
100 105 

Asp 

(2) INFORMATION FOR SEQ ID NO : 3 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 560 base Dairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA 



(XI) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 
GTCGACTGTG AGTTCCCAGC AGAGGCCCAG AGTCCCGGTC CGGCAGCCGA GGGAAGCGGG 
GGGGTCTTCC AGAAGAAGAA AGGGCCAAGG TCACCCCGGT GCCTCTCCAG CAGCAGCAGA 
GGGCGGCGGT CGGTGTCGCT GCTGGCCGGG GCCTCGAGGA AGGCGCGGGC CAGCTGGGGC 
CGGGTCTGCG TTCCCAGGAG CTGCCACCGT TCCAGGGAGC AAGTCAGGCC GGGACGTTAG 
CGCCTGCGCG GGACCCTCAC TTGCCACCAA GGACCCCACA AACCCCGCCC CATCCTTAGC 
GCCTGCGCGG GACCCTCACT TGCCACCAAG ACCCCCACAA ACCCCGCCCC ATCCTGCCTT 
ACGCCCCGCC CCAAGGTCGT TCTCCCGACC CGGGGTCCCG CCCCAAGACC GTCCTCCCGC 
CCCGCCGCTT GGTGGCGGCC GCATGCTGCC CGGATATAAA GGGTCGGCCC CACATCCCAG 
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ATGGCCGAGT GCCCGACACT 
(2) INFORMATION FOR SEO ID NO: 4: 

( i ) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 108 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : unknown 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: procein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 4 : 

Me. Ala Giv Olu Asp val Glv Ala Pro Pro Asp His Leu Trp Va. His 



Oln Glu GIV X- Tyr Ar. Asp Glu Tyr Gin Ar. T.r Trp Val Ala Val 
val Glu Glu 1 THr Ser P.e Leu Ar. Ala Ar. Val Gin Gin He Gin 
val pro lL Gly Asp Ala Ala Arg Pro Ser His Leu Leu Thr Ser Gin 
,eu Tro Leu Mec Trp Gin Lu Tyr Pro Glu Glu Arg Tyr «ec Asp Asn 
1 ser A.g Leu Trp l He Gin His His Leu Me. Val Arg Gly Val 
Cln Glu Leu Leu Leu Lys Leu Leu Pro Asp Asp Xaa 
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(2) INFORMATION FOR SEQ ID NO : 5 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4922 base pairs 

(B) TYPE: nucleic acid 
CO STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
OTCGAC^T GAKTYCCMAG MAGAGGCCCA GAAGTCCCGG TCCGGCAAAG CGGAGGGGAA 
OC GGGGGG TCTTCCAAGA AGAAGAAAGG GCCCAAGGTT CAACCCCCGG TGCCTTCT. 
.GCAGCAAGC AAGAGGGCGG CGGGTCGGT. GTCGCTGCTG GCCGGGGCCC TCCGAGGAAA 

CGGRCC AGCTGGGGCC GGGTCTGCGT TCCCAGGAGC TGCCACCGTT CCAGGGAGC^ 
LcAGGCCG GGACGTTAGC GCCTGCGCGG GACCCTCACT TGCCACCAAG RMCCCCACAA 
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ACCGCGCCCC ATCCTGYCTT ACGCCCCGCC CCAAGGTCGG TTCTCCCCGA CCCGGGGGTC 
CCGCCCCCAA GGNCCGTCCT CCCCGCCCCC GCCGSTTGGT GGCGGCCGCA TGCTGCCCGG 
ATATAAAGGG TCGGCCCCAC ATCCCAGGGA CCAGCGAGCG GCCTTGAGAG GCTCTGGCTC 
TTGCTTCTTA GGCGGCCCGA GGACGCCATG GCCGAGTGCC CGACACTCGG GGAGGCAGTC 
ACCGACCACC CGGACCGCCT GTGGGCCTGG GAGAAGTTCG TGTATTTGGA CGAGAAGCAG 
MACGCCTGCC TGCCCTTAAC CATCGAGGTA CAACCACCTT TGGAGCGGAT GGCGARGCAG 
CAGGGGCASC CCCTGGGAGC TTGGGATNCC CTAGGAAGGG CGAGGACTCA AGGAGCACTC 
ACTATGGGGC AGGGAGGATC CCCCACAGAT KAAGCCACTT TTGGAGCCGG SCTCTKGAGG 
GATGAATAGG AGTTCCTCCA GGCAGGGAAG AAGGGTGGGA AAACCCCAAA GGAATGTCGG 
TCAAAGGGGT GGACCCAGTG CCTGTGGAGT GTGACTATAA TGTTGACTAC AGCAGGCATT 
TTCTGGGCTT CGGGGTCCTA ATCCTTAAAA ATGGGTATCT CTAAGTGACT CATCCATATG 
GCCGATTATC GGAATCATCT CAGGTGGGTC CCAGAAATCT GTATTTTTAA AAAGAACCCW- 
CMACAGTTTA GGGTCCAACC CAGGCATAAC CAAAACACTG GCCTAAGAGT TGTGAAGTAT 
TTTCCCACCT ACCCTCTGGG CTTTATTTAA GAMAACCAAA TTTAACAAGT GATGTCGTAG 
TATAAGCGCC GGTANTKGAA YCAATATTGA CTTTTTTAAT GTGTGATGCC TTAAGATGGG 
TCCTTAATCC ATGTTAAGNT TTTGTTAAAG AAATAGATAA GTCTTTTACA AGTArTTGGA 
TTTACTCAAT GAAAAAGAGT CANAAAATGT TCAAACTCTC TCCAAACATA CACTGAAGAA 
AGCATAAAAA TTANNAAATA TATTAGAACA CGTATGTCCA GTAGCAAWCA MAAArPATTG 
AGTGTTGAYT GTGTCTCTAC AGATGGGAAA CTGAGGCACA CMAAATGTAC ATTTGTCCGA 
GGTAAGATTG CTAGTAGGTA ATGGGGTTGG AATTCTAGGC TCTTAACCAC CACAAAATCT 
GCATTTTTAT TGGCATTTCA ATTTTTTAAA TATGTTTTTA CTTTAAAAAT CAAGTTAAAT 
ACTTACTTTT TTAAAATCAA AATTTGAAGA AATAATTTGA AGATTCAGTG GATTTCTTTT 
TTTAAATCTC TGAGAAATCT CTTCCCTYCA ACGTGACACC MAAACCMGCG AACCAGACAG 
TTTTTCATAA AATCATGAAA CATGCYCCMC MAAAAATAAC CCACTASCAA ACTGTGGGAC 
AGATTTTGCC TCACATCATT GAAAAGGCCA GCAWTCTTTT TCTCTCTTTC TTTCTTTGKT 
GTTTTTTTTT TTTCCTGTAG AWACAGGGTC TCGCTCTGTG ACCCAGGCTG GTCTYAAACT 
CCTGGCCTCA AGCGATCCTC CTGCCTCTGC CTTCCAAAGC ACTGGAATTA CAAGTGTGAG 
CCGCTGCAAC CCGCCAGAAA AAAGTGTGCC TTTCATGGCC CTGTCTGGGT GGCTAGACAC 
GTGTGTGTGC TGGTGGTCCT GGCCCAGCCA GAGTTCCCTG AGAGGAGCAT GCATGGCCTA 
AGGAAGTGAG CTTCAGGGAA CAGTGATGAC CATCATTTCA CACTCGGACC CCCTGCCMAA 
GATGGGTGGA TGSCTGSCAG GGAGGGATTC CGGTKTTCCT GCGCCTGGAG AANCCCTGCC 
AAGCGGAACC TGAAAGTATN CCCTGTCCTT TTCTTCTCCT NAGATAAAGG ATAGGTTACA 
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GTTNNGGGTG CTCTTGCGTC GGGAAGACGT CGTCCTGGGG AGGCCTATGA CCCCCACCKA 
GATAGGCCCA AGCCTGCTGC CTATCATGTG GCAGCTCTAC CCTGATGGAC GATACCGATC 
CTCAGACTCC AGTTTCTGGC GCTTAGTGTA CCACATCAAG GTGAGTGTCT TTCTCCCAGA 
GGTCCATCGG KTGATCTTGG GTTTCCCCTC CYCMATGTCT GSCCTTAGTG GTrTAYCTTC 
CCYCCATCCC AGTSSGCAAA AGCATTWAAA ARATGGGGGA NRTRWACMAS TGCAGATTTC 
TAKAGGACTT TACCAGAGAG AAGAKAGATC CTNTGAGGTC TCTAANAGAA CCCTACCTCC 
ACTTCCTCCC ANCCACCANC TAACCGCAGG AAGACATCTC TGGTGGGGMM KCACAGGCTG 
AAGGCTGGTG GGAGGAGGGR CAKTCTCCAA GASCCCCTGA AATCCTCACA CCTGGGTTCC 
TACCTGCTGT TTCCAGCTAG GGGAAGSCSC AGGAGTGAGG AATGGAGGGA GTGGAGGGCT 
CTGGCCGATC AATGCCTTCT CTCTCTCTCT GCCTCTCAGA TTGACGGCGT GGAGGACATG 
CTTCTCGAGC TGCTGCCAGA TGACTGATGT ATGGTGAGCT CCACTGGAGC CTGACCCCTC 
TTAGTCCACA GTGGCTGTAT CAGAAAGAAA GACCACCCCT TCTCCATGAA GGCAGTGCTA 
ACCCCTCCCC GACTGCTGCC ATCTGAGGGT CCCTAGGGAT GGGAGAGGCT TCCTGGAGGC 
ACTCATGTCT CCCTTACCAC TTCGGGAGCC AAGGGCTTTG GTAGGCAGCC CCCTTTATCG 
CAGCTGCTCA TATCTATAAA GTACTTCACA AGTTTCAGCT GGCACTTTCA TTTTACCATT 
GCTTTTTTTT TCTTTGGGAG ATGAGTCTGG CTCTGTGGCC CAGGCTAGAG TGTAGTGGGT 
GCAATCTCAG CTCACTGAAA GCTCTGCCTC CCGGGTTCAC ACCATTCTCC TGCCTCAGCC 
CTCGGAGTAG CTGGGACTAC AGGCGCCCGC CACCACACCT GGCTAATTTT TTTTTTTTTW 
TTWTWTTTTT TAGTAGAGMC GGGGTTTCAC CGTGTTAGCC AGGATGGTCT CGATCTCCTG 
ACCTCATGAT CTGCCCGCCT CGGCC7CCCA AAGTGCTGGG ATTACAGGCA TGAGCCACCA 
CGTCCGGCCT TACCATTGCT TTATTAAATA AGCACTGGTG CTTGATTATA TCAGCTGAGC 
CAGATATTAG ATACGCTATT GAGTTTTGRG GAAATAAGAG TACCAAAACT CAGAAATGAG 
TTGAAGTATA GTGACATCTT CAGATTACAG ACCCAGGTGT CAGAATTTGC CTTGGCTCAG 
AAGGCCTCTG GGGGCCATCC CTGACCACTA GGCTTCCCAC TTAGACCTGC TCCAGCAGCA 
CCACCCCTCG SCACTGCCTG GTCCTTTCCT TCACCCTTGA TTCTGTCTTC TTTTGTCCTT 
CTCCAGGTCT TGGYAGCACC TGTCTCCTTT CACCCCAGGG CCTGAGCCTG GCCAGCCTAC 
AATGGGGATG TTGTGTTTCT GTTCACCTTC GTTTACTATG BCTGTGTCTT CTCCACCACG 
CTGGGGTCTG GGAGGAATGG ACAGACAGAG GATGAGCTCT ACCCRGGGCC TGSAGGACCT 
GTCCTGTAGM CCACTCTGCT CGCCTTAGSA CCTACSACTC CWRCCGASGA GGATNCCAI,T 
TGGAAGAGCT TCTTNNAGGT GNCNAANAAN ANCTGTGCGT NGGCTTTTCT CAGCTGGATG 
ATGGTCHTNA GCCTCTTTCT GTCCCTTCTG TCCCTCACAG CACTAGTATT TNATGTTGCA 
CACCCACTCA GCTCCGTGAA TTTGTGAGAA CACAACCGAT TCAGCTGAGC AGGACCTCTG 
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AAACCCTGGA 


CCAGTGCTCT 


CACATGGTGC 


TACGCCTGCA 




CCTNCAAACG 


4200 


CTGCCTGCCK 


GTRAACACGM 


SKSYRMACAG 


STGMSWRCCr 




CTGCAAACGC 


4260 


TGCCTGCCCA 


CACAGGTTCA 


CGTGCAGCTC 


AAGGAAAGRM 


fTn A A li. D o a r* 


v-CCTTATCTG 


4320 


TGCTCAGGAC 


TCAGAAGCCT 


CTGGGTCAGT 


GGTCCACATC 




ol^ ACKj AGG CC 


4380 


AGGCCGGCGA 


GCCCTGTGGA 


TGAGCCCTCA 


GAACCCTTGG 




i ^^(jAAAAGGG 


4440 


ATAGAGGTTG 


GGTTTCCCCC 


CTTTTATAGA 


TGGTCACGCA 




AL-AAAGTTGT 


4500 


ATGTGGCATG 


AATACTTGNT 


GTOATGATTG 


ATTAAATGrA 




TCTAACTTCG 


4560 


TGCGGAATCA 


GCTTCTATCC 


TTGNCTTAGA 


TTCTGGTGGA 


GAGAAGTGAN 


AATAGGCAGN 


4 62 0 


CCCCANATAA 


ANAATATTCA 


NGGGATTTAT 


I I 1 f\ I I N I 


CTTTTGGGNG 


ATNNGGGACT 


4680 


ACATTNTNCN 


NCCCCGTNTA 


ATCCAATGNT 


TAAANCCCCA 


GTGTTCTTGG 


AGGNCNTACG 


4740 


TCGAANACCA 


TTGGNGTANG 


CAACCTCAAA 


ATT'rr'I'NNGT 


TGNNAATTNC 


CNGTTTTCCA 


4800 


GAGNCCCCCC 


CNTNCTCCAT 


CTTNNTCCTN 


GCCCNCCCTN 


NCCTCCCNCA 


NTCCCNANGT 


4860 


TNCCCTCGNC 


CCCAGTCAGT 


TCTTTCTCCN 


NCTTTANCCG 


NTNATNTCAC 


CAGNTTCTTT 


4 920 


CT 
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(2) INFORMATION FOR SEQ ID NO : 6 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : unknown 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 6 : 
TGCTGCCAGA TGACTGATGT 
(2) INFORMATION FOR SEQ ID NO : 7 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acxd 

(C) STRANDEDNESS : unknown 

(D) TOPOLOGY: unknown 

(li) MOLECULE TYPE: DNA 

(xi) SEQUENCE DESCRIPTION; SEQ ID NO : 7 : 
CAAATGGAAT CCTCCTTGGC 
(2) INFORMATION FOR SEQ ID NO : 8 : 

(i) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: IB base pairs 

(B) TYPE: nucleic acid 

(C) STRAKDEDNESS : unknown 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA 



(XI) SEQUENCE DESCRIPTION: SEQ ID NO : 8 : 
AGGCCTATGA CCCCCACC 
(2) INFORMATION FOR SEQ ID NO : 9 : 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

{ c ) STRANDEDNESS : unknown 
( D ) TOPOLOGY : unknown 

(li) MOLECULE TYPE: DNA 



IB 



(XI) SEQUENCE DESCRIPTION: SEQ ID NO : 9 : 

1 8 

CATTCCTCCC AGACCCCA 

(2) I!:F0RMATI0N FOR SEQ ID NO: 10: 

, - ) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

( c ) STRANDEDNESS : unknown 
{ D ) TOPOLOGY : unknown 

MOLECULE TYPE: DNA 
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.X. SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
TCATCACCAT TGGCAATGAG 
(2) IN'FOPJ^TION FOR SEQ ID NO: 11: 

' ^ ^ SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: unknown 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA 

(XI) SEQUENCE DESCRIPTION: SEQ ID NO:ll: 
CAGTGTGTTG GCGTACAGGT 
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10 



15 



20 



25 



35 



1. An isolated nucleic acid comprising a nucleotide 
sequence encoding a TCL-l protein, wherein the nucleotide 
sequence is a cDNA sequence. 

2. An isolated nucleic acid of not more than 50 
kilobases which contains at least an 18 nucleotide 
portion encoding a TCL-l protein fragment. 

3. An isolated nucleic acid of not more than 50 
kilobases which contains at least an is nucleotide 
portion of the sequence depicted in SEQ ID NO: 3. 

4. The isolated nucleic acid of Claim 1 comprising 
the nucleotide sequence of SEQ ID NO:l from nucleotide 
number 4 6 to 3 87. 



An isolated TCL-l protei 



6. The TCL-l protein of Claim 5 having the amino 
acid sequence of SEQ ID NO: 2 from amino acid number 1 to 
114. 

7. A fragment of the protein of Claim 6 which can 
be specifically bound by an antibody to a TCL-l protein. 

8. An isolated nucleic acid comprising a sequence 
30 encoding the fragment of Claim 7. 

9.. A recombinant DMA vector comprising a nucleotide 
sequence that encodes a TCL-L protein, wherein the 
nucleotide sequence is a cDNA sequence. 



10. An host cell that contains the recombinant DNA 
vector of Claim 9. 
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11. An antisense «ol.cule ocprlsin, a "-^^^"^"^ 
se<,uence c=Bple«ntary to at least a part °' 
se^ence of a TCL-1 protein, which is hybridizable to 

13. An antisense molecule comprisin, a r,.cl.oti^^ 
.e^ence compXementary to at ieaat a part o. the se^ence 
depicted in SEQ ID HO: 3 which hybrldires to saxd 
sequence depicted in SEQ ID NO: 3. 

13. A fusion protein co.prlsln, a TCI.-1 P""^" 
sequence of at least 10 amino acids linKed to a non-TCI. 
protein sequence. 

14 . An antibody which binds to an epitope of a TCI.- 
1 protein. 

15. The antibody of Claim 14 which is a monoclonal 

antibody. 

le. The antibody of Claim 14 which is a polyclonal 

antibody. 

17. A method for producing a recombinant TCL-1 

„ protein comprising: transformed with a 

(a) culturxng a host ceix tiraj» 
recombinant expression vector encoding ^ ^J^'J^ 
protein such that the TCL-1 protean is expressed by 

the cell; and 

(b) recovering the expressed TCL-1 gene 

protein* 

18. An isolated protein comprising an ^^^^^^^^ 

. havinq at least 70% amino acid sequence identity 
sequence having at leas ^ ^^^^ 

35 to the amino acid sequence depicted m SEQ I 

^ i*»ast 2 5 amino acids, 
a contiguous sequence of at least 2b 
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19. An isolated protein comprising an amino acid 
sequence having at least 70% amino acid sequence identity 
to the amino acid sequence depicted in SEQ ID NO: 2, over 
a contiguous sequence of at least 50 amino acids. 

20. Plasmid PA11.5 as deposited with the ATCC and 
having accession No. 75923. 

Pl^«">id P20-7SE as deposited with the ATCC and 
iO having accession No. 75924. 

22. A method for detecting a target sequence 
indicative of a chromosome 14 abnormality in a sample, 
comprising the steps of: 

^"^^ amplifying the target sequence in the 
sample using a first primer of 18 to 25 nucleotides 
complementary to the nucleotide sequence of SEQ ID 
NO: 1, and a second primer complementary to a region 
telomeric or centromeric to the TCL-l gene; and 

(b) detecting any resulting amplified target 
sequence in which the presence of the amplified 
target sequence is indicative of the abnormality. 

23. The method of claim 22 wherein the chromosome 
abnormality is in the TCL-l locus. 

24. The method of Claim 22 wherein the chromosome 
abnormality is a t (14 : 14) (qii:q32) translocation. 

25. The method of Claim 22 wherein the chromosome 
abnormality is a inv(i4) (qii;q32) inversion. 

26. The process of Claim 22 wherein the resultant 
amplified target sequence is detected using gel 

35 electrophoresis. 
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27 The process of Claim 22 wherein the second 
primer is a polynucleotide from the T-cell receptor a/6 
locus . 

28. The method of Claim 22 wherein the target 
sequence is amplified using polymerase chain reaction. 

29 A pharmaceutical composition comprising the 
antisense molecule of Claim 11 in a pharmaceutically 
acceptable carrier. 

30 A pharmaceutical composition comprising the 
antisense molecule of Claim 12 in a pharmaceutically 
acceptable carrier. 

31 A pharmaceutical composition comprising an 
antibody of Claim 14 in a pharmaceutically acceptable 
carrier. 

32. A method for detecting a target nucleotide 
sequence indicative of a chromosome 14 abnormality xn a 
nucleic acid sample, comprising the steps of: 

(a) hybridizing the sample with a nuclexc acxd 
probe of not more than 10 kilobases, comprising xn 
the range of 15-1324 nucleotides complementary to 
the nucleotide sequence of SEQ ID NO: 1; and 

(b) detecting or measuring the amount of any 
resulting hybridization between the probe and the 
target sequence within the sample. 

33 The method of Claim 32 wherein the resultant 
hybridization between the probe and the target sequence 
witlin the sample is detected using gel electrophoresxs . 

34. The method of Claim 32 wherein the chromosome 
14 abnormality is in the rCL-1 locus. 
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35. The method of Claim 32 wherein the chromosome 
14 abnormality is a t ( 14 : 14 ) (qii :q32 ) translocation. 

36. The method of Claim 32 wherein the chromosome 
5 14 abnormality is a inv(l4) (qii;q32) inversion. 

37. A method for detecting a TCL-i protein in a 
patient sample, comprising: 

(a) contacting the patient sample with an anti- 
TCL-i antibody under conditions such that 
immunospecific binding can occur, and 

(b) detecting or measuring the amount of any 
immunospecific binding by the antibody. 



10 



15 



20 



38. The method of Claim 37 wherein the TCL-l 
protein is human. 



39. The method of CI 



aim 3 7 that is a Western blot. 



40. The method of Claim 37 that is an enzyme linked 
immunosorbent assay. 



25 



30 



35 



41. The method of Claim 37 that is an In situ 
hybridization assay. 

42. The method of Claim 37 that is an 
immunoprecipitation . 

43. A diagnostic kit comprising, in a container a 
compound comprising a probe of not more than 10 kilobases 
and comprising in the range of 15-1324 nucleotides of the 
nucleotide sequence of SEQ ID NO:l or its complement. 

44. A diagnostic kit comprising in one or more 
containers, a pair of primers, each having at least 15-25 
nucleotides, in which at least one of said primers is 
hybridizable to SEQ id NO: i or its complement and 
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Wherein said primers are capable of priming DMA syn.nesis 
in a nucleic acid amplification reactxon. 

45 The kit of Claim 44 in which one of said 
primers is hybridizable to a DNA sequence located 
telomeric or centromeric to the TCL-1 gene. 

46 A method for treating a disease state 
associated with a chromosome 14 abnormality in mammal 
suffering from a disease state associated wxth a 
chromosome 14 abnormality, comprising administer xng 
therapeutically effective amount of a TCL-1 antxsense 
molecule to a mammal suffering from a disease state 
associated with a chromosome 14 abnormality. 

47. The method of Claim 46 wherein the disease 
state is a T-cell leukemia or lyrophoma. 

48 The method of Claim 46 wherein the chromosome 
abnormality is a t (14 : 14) (qll:q32) translocation or an 
inv(14) (qli;q32) inversion. 

49. The method of Claim 46 wherein the mammal is a 
human . 

50 A method for treating a disease state 
associated with a chromosome 14 abnormality in mammal 
suffering from a disease state ^^^^^^^^f , 
Chromosome 14 abnormality, comprising admxnxsterxng 
therapeutically effective amount of an ^n^^-^^^"^ 
antibody to a mammal suffering from a disease state 
associated with a chromosome 14 abnormality. 

51. The method of Claim 50 wherein the anti-TCL-1 
antibody is a monoclonal antibody. 



8 1 



wo 96/1 35 H 



PCTAUS95/ 13663 



10 



IS 



20 



25 



30 



52. The method of Claim 50 wherein the disease 
state is a T-cell leukemia or lymphoma. 

53 . The method of Claim 50 wherein the chromosome 
abnormality is a t (14 : 14) (qii :q32) translocation or an 
inv(l4) (qii;q32) inversion. 

54. The method of Claim 50 wherein the mammal is a 
human. 

55. An isolated oligonucleotide having in the range 
of 15-25 nucleotides which is hybridizable to a DNA 
molecule, said molecule comprising at least one TCL-1 
exon or its complement. 

56. An isolated oligonucleotide having in the range 
Of 15-25 nucleotides which is hybridizable to a DNA 
molecule, said molecule comprising the sequence shown in 
SEQ ID NO: 3 or its complement - 

57. A method of diagnosing a T-cell malignancy 
associated with a chromosome 14 abnormality in a patient 
comprising detecting said chromosome 14 abnormality 
according to the method of 22 or 32, in which the 
presence of the amplified target sequence indicates the 
presence of a T-cell malignancy in the patient. 

58. A method of diagnosing a T-cell malignancy 
associated with a chromosome 14 abnormality in a patient 



comprising detecting increased expression of a TCL-1 
protein in a sample from the patient, in which an 
increase in a TCL-i protein relative to the level found 
in an analogous sample from a normal individual, 
indicates the presence of a T-cell malignancy in the 
35 patient. 
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59. 



15 



20 



The method of Claim 58 in which the increased 
expression of the TCL-l protein is measured by 
immunoassay . 

eo. The -ethod of Claim 59 in which the i^nunoaesay 
is an enzyme linked iminunosorbant assay. 

el. The method of Claim 56 in which the increased 
expression of the TCL-l protein is measured by in sstu 
10 hybridization. 

62. The method of Claim 57 or 58 in which the T- 
cell malignancy is a T-cell leukemia. 

63. An isolated nucleic acid of not more than 10 
Kilobases hybridizable under stringent conditxons to 
sequence shown in SEQ ID NO: 1 or its complement. 

64 . An isolated nucleic acid of not more than 50 
Kilobases which contains at least an 18 nucleotide 
portion of the sequence depicted in SEQ ID HO: 5. 

65. An isolated oligonucleotide having in the range 
of 15-25 nucleotides which is hybridizable to a DNA 
molecule, said molecule comprising the sequence shown 
SEQ ID no: 5 or its complement. 
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CTTGAGAGGCTCTGGCTCTTGCTTCTTAGGCGGCCCGAGGACGCCATGGCCGAGTGCCCG 



61 ACACTCGGGGAGGCAGTCACCGACCACCCGGACCGCCTGTGGGCCTGGGAGAAGTTCGTG 

TLGEAVTDHPDRLWAWEKFV 
1 2 1 TATTTGGACGAGAAGCAGCACGCCTGGCTGCCCTTAACCATCGAGATAAAGGA7AGGTTA 

YLOEKQHAWLPLTIEIKORL 
181 CAGTTACGGGTGCTCTTGCGTCGGGAAGACGTCGTCCTGGGGAGGCCTATGACCCCCACC 

QLRVLLRREDVVLGRPMTPT 
241 CAGATAGGCCCAAGCCTGCTGCCTATCATGTGGCAGCTCTACCCTGATGGACGATACCGA 

OIGPSLLPIMWOL YPDGRYR 
301 TCCTCAGACTCCAGTTTCTGGCGCTTAGTGTACCACATCAAGATTGACGGCGTGGAGGAC 

SSDSSFWRLVYHIKIDGVEO 
361 ATGCTTCTCGAGCTGCTGCCAGATGACTGATGTATGGTCTTGGCAGCACCTGTCTCCTTT 

M L L E L L P 0 D • 114 

421 CACCCCAGGGCCTGAGCCTGGCCAGCCTACAATGGGGATGTTGTGTTTCTGTTCACCTTC 

481 GTTTACTATGCCTGTGTCTTCTCCACCACGCTGGGGTCTGGGAGGAATGGACAGACAGAG 

541 GATGAGCTCTACCCAGGGCCTGCAGGACCTGCCTGTAGCCCACTCTGCTCGCCTTAGCAC 

601 TACCACTCCTGCCAAGGAGGATTCCATTTGGCAGAGCTTCTTCCAGGTGCCCAGCTATAC 

661 CTGTGCCTCGGCTTTTCTCAGCTGGATGATGGTCTTCAGCCTCTTTCTGTCCCTTCTGTC 

721 CCTCACAGCACTAGTATTTCATGTTGCACACCCACTCAGCTCCGTGAACTTGTGAGAACA 

781 CAGCCGATTCACCTGAGCAGGACCTCTGAAACCCTGGACCAGTGGTCTCACATGGTGCTA 

84 1 CGCCTGCATGTAAACACGCCTGCAAACGCTGCCTGCCGGTAAACACGCCTGCAAACGCTG 

901 CCTGCCCGTAAACACGCCTGCAAACGCTGCCTGCCCACACAGGTTCACGTGCAGCTCAAG 

961 GAAAGGCCTGAAAGGAGCCCTTATCTGTGCTCAGGACTCAGAAGCCTCTGGGTCAGTGGT 

1 02 1 CCACATCCCGGGACGCAGCAGGAGGCCAGGCCGGCGAGCCCTGTGGATGAGCCCTCAGAA 

1081 CCCTTGGCTTGCCCACGTGGAAAAGGGATAGAGGTTGGGTTTCCCCCCTTTATAGATGGT 

1141 CACGCACCTGGGTGTTACAAAGTTGTATGTGGCATGAATACTTTTTGTAATGATTGATTA 

1201 AATGCAAGATAGTTTATCTAACTTCGTGCGCAATCAGCTTCTATCCTTGACTTAGATTCT 

1 26 1 GGTGGAGAGAAGTGAGAATAGGCAGCCCCCAAAIMAAAATATTCATGGAAAAAAAAAAA 



1 GTCGACTGTGAGTTCCCAGCAGAGGCCCAGAG TCCCGGTCCGGCAGCCGAGGGAAGCGGG 

6 1 GGGGTCT TCCAGAAGAAGAAAGGGCCAAGG TC ACCCCGGTGCCTCTCCAGCAGCAGCAGA 

121 IGGGCGGC GGTCGGTGTCGCTGCTGGCCGGGGCC'CCAGGAAGGCGCGGGCCAGCTGGGGC 

181 CGGGTCTGCGTTCCCAGGAGCTGCCACCGT TGCACCGAGCAAGTCAGGCCGGGACGTTAG 

241 CGCCTGCGCGGGACCCTCACTTGCCACCAACGACCCCACAAACCCCGCCCCATCCTTAGC 

301 GCCTGCGCGGGACCCTCACTTGCCACCAAGACCCCCACAAAtoQCCCaATCCTGCCTT 

36 1 ACG CCCCGgCCQ AAGGTCGTTCTCCCGACCCGGGGT|CCCGCCCgAAGACCGTCCT|C^ 

421 |CCCGCg 3CTTGGTGGCGGCCGCATGCTGCCCGGATATAAAGGGTCGGCCCCAGATCCCAG 

481 GGACCAGCGAGCGGCCTTGAGAGGCTCTGGCTCTTGCTTCTTAGGCGGCCCGAGGACGCC 

541 ATGGCCGAGTGCCCGACACT 550 
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